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PREFACE. 



The object of this work is twofold. In the first place, 
I have made an attempt to formulate a comprehensive 
conception of the notion '^ferment'* on a dynamic 
basis, and starting from this standpoint to regard the 
" Theory of Ferments " as a theoretically closed field of 
discussion. In this conception I have treated the enzymes 
and organised ferments as a connected whole. 

In the second place, I have endeavoured to deal as 
completely as possible with the material to be found in 
publications on this subject. 

But here a great difiBculty presented itself, particularly 
in the case of processes which are intimately connected 
with the living cells. For in these processes it is hardly 
possible to refer with anything approaching completeness 
to those researches which are of importance to the present 
subject of fermentations, owing to the fact that they are 
mixed with a great number of investigations on kindred 
subjects, which are dealt with from a purely biological or 
from a technical standpoint. Hence, in discussing the 
"organised ferments," I have only been able to make a 
selection from these researches, so as to pick out those 
results which have a bearing on fermentation as such. On 
the other hand, I have attempted to deal with the literature 
relating to the " unorganised ferments" as fully as possible. 
To this rule I have made only one exception. In the case 
of views which at the present day have been definitely 
abandoned, I have only taken the earlier literature into 
consideration in so far as it possesses historical interest; 
otherwise I have contented myself with quoting from 
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VI PREFACE. 

those researches which actually brought about the definite 
decision. UnfortuDately, it is not often that I have been 
able to apply this limitation, for the majority of the 
questions here touched upon still stand in need of a 
definite solution. And in these cases it has invariably 
been my endeavour to formulate the present state of the 
problem on the basis of aU the investigations to which I 
had access. Yet I cannot but fear that there are gaps in 
my references, for the existing literature is very compre- 
hensive, and is distributed throughout the most diverse 
branches of biology. I should, therefore, be very grateful 
to have my attention called to any work that I have 
overlooked. 

In order to prevent the book attaining the proportions 
of a hand-book, I have condensed as far as possible all 
descriptions of methods, together with figures, tables^ &c.; 
I also adhere to the principle that in the case of experi- 
mental researches it is absolutely essential to refer to the 
original publications, and hence regard a fuller description 
of methods as superfluous, unless from one's own experience 
they can be presented so concisely that they are at least 
equal to the original work in clearness. 

The referen/ses have been taken almost exclusively from 
the original jmblications, so far as they were accessible to 
me in the Erlangen library and in the different libraries of 
Berlin, In other cases, I have usually given the place 
where I have found them quoted. In some instances I 
have not seen the original, and have forgotten the pUice 
of quotation ; these have been distinguished by an asterisk. 

CARL OPPENHEIMER. 

Eklakoen, May, 1001. 
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TRANSLATOR'S PREFACE. 



At thie request of Dr. Oppenheimer I have introduced into 
the text the results of various investigations which have 
been made since the German edition of this book appeared. 

The remarkable phenomenon of the reversibility of the 
action of a ferment, which was first recorded by Hill in the 
case of diastase, has recently been observed by Kästle and 
Loevenhart in their research on lipase, of which I have given 
an outline on p. 223. This confirmation of Hill's results 
will doubtless lead Dr. Oppenheimer to modify his view 
that a ferment can never effect a synthetic process. 

The note on the optimum temperature for the action of 
acetic bacteria (p. 301) illustrates the way in which errors 
are copied from one text -book to another. From my 
personal observation, I can affirm that, in practice, acetic 
biicteria work well at a temperature far above their thermal 
death -point as given by many authorities. This is a 
striking instance of the adaptation of a ferment to it-s 
environment. 



C. A. M. 



57 Chakcert Lake, W.C., 
September, 1901. 
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CHAPTER I. 

INTRODUCTION. 

SiNCB the time when their existence was first recognised, the 
subject of " Ferments and their Actions " has been the common 
ground of investigation in almost every branch of biology. 
Such processes, indeed, play an important part wherever life is 
found. All the problems of the transference of energy in 
animals or plants, or, in other words, of life, are in some way or 
other bound up with the doctrine of "Ferments." The phe- 
nomena, both of life and of enzymic action, manifest themselves 
in numerous ways, which, in many cases, are still obscure. But 
as yet there is, unfortunately, far from being any general 
agreement as to the significance and extent of the operations of 
either set of phenomena. Whilst, by many, fermentative pro- 
cesses are regarded as undoubtedly a part of vital phenomena, 
others deny this intimate connection, and assert that fermenta* 
tive processes are only peculiar modifications of phenomena 
which are also occurring in the inorganic world. Kor, as 
regards the nature of ferments themselves, is there any certain 
and generally-accepted fundamental notion, any more than in 
the case of their relation to life. In fact, not even the definition 
of a " ferment " is settled. 

It is, however, impossible to successfully attack a problem, so 
important to biology as the relation between ferments and life, 
before we have formed any notion of a "ferment" itself and a 
simple conception of fermentation. Now; in the course of 
centuries, this notion has conveyed various meanings. Its con- 
notation has been frequently enlarged, naroowed, and again 
enlarged. But, in spite of all this, it was not until the present 
day that it became clear to some extent; though, even now, 
there is no actual agreement as to what is a fermentative pro- 

B, or what phenomena it should include. 
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2 F£R2ffiNTS AND THEIR ACTIONS. 

Perhaps, however, the right time has now arrived (and the 
work is well worth attempting) for the foundations of this 
comprehensive conception to be laid, specially since the latest 
experimental results seem likely to break down the barriers 
which have hitherto stood in the way, and to clear the 
ground for the erection of a new and higher scaffold, on 
which previously-observed facts may be built up by induction 
into a complete theory of Ferments and their Action. It would 
be presumptuous for me to assert that this higher scaffold has 
been reached in my comprehensive conception of a ferment, as 
set forth in the following pages; I am well aware that this 
conception has its weak pSkces and gaps ; yet I may surely hope 
that this attempt at a comprehensive survey offers at least a 
foundation on which more may be built. 

If, now, we wish to obtain a comprehensive idea of the doc- 
trine of ferments and their action, it is essential to make s 
survey of at least the main features of its historical development 
snd of the notions which have been associated with it, so that, 
from a critical consideration of its numerous stages, we may 
attain our end. 

The conception of fermentoHo reaches back into the remote 
past. A knowledge of the practical significance of certain 
phenomena of fermentation, and especially of the aleohoKc fer- 
mentation of 9ugc/r has been the common property of every race 
of mankind in every age. In consequence of this, the term 
'* fermentation," which in this primary sense can almost be used 
as an equivalent for the Qerman word Gakrwng^ in its popular 
significance, has not, even in early times, been exclusively used 
by the philosophers. Nowhere, however, in the remote past do 
we find any scientific statement on this point. 

Then, too, the confusion of the most different kinds of pro- 
cesses under this conception of fermentation soon commenced— 
a confusion which continued throughout the middle ages, and 
which, even at the present day, has not disappeared. 

At one time the conception of fermentatio was commonly 
applied in its etymological sense ^ to all reactions which were 
accompanied by a visible evolution of gas, and to them only ; at 
another, putref actio (putrefaction) and fntnentatio were used as 
ccpipletely synonymous terms. 

This generalisation was still further extended, and an attempt 
was made to group all chemical processes under the universal 

^Or Engliah, "alcoholio fermentation." — Translator. 
'It is probably connected with feroere, " to boil," ** to seethe." {Qf, A* 
Mayer, wihrungachemit, Note, p. 7.) 
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heading of *' fermentative actions," so that this conception 
afforded a cratch similar to that which, at a later period, was 
offered hy " Oatalysis.'' And, in addition to this, a secret vital 
force, the lapis philosopharum, also came to be connoted by the 
term " ferment," which made confusion worse confounded. 

In the main, however, the term /ertnentation was restricted to 
thoM processes which were accompanied by an evolution of goB^ 
ao that Hales and vah Hblmont^ described even oxidations 
with nitric acid and the frothing of carbonates in acids as 
^' fermentations." 

This last result of regarding fermentative actions from a 
purely external point of view was, however, soon opposed by 
Stlvius di la Bob, who was the first to point out the funda- 
mental difference between the liberation of carbon dioxide from 
carbonates and alcoholic fermentation. 

Then Lembbt asserted that alcohol was not present until 
after fermentation, in opposition to the earlier theory of 
Basilius Yalbntinus, who had regarded the fermentation as 
merely a process of purifying the alcohol already present. 

Then, too, Bbcheb discovered that the alcohol was first pro- 
duced during the fermentation, and only from sweet substances; 
he drew analogies between fermentation and combustion, and 
distinguished between fermmlaidon and putre/actiony and be- 
tween true (alcoholic) fermentation and acid fermentation 
(formation of lactic acid, and so on). Stahl, the founder of 
the phlogiston theory, also studied the nature of fermentation. 

He ascribed to the ferment an internal motion which it could 
convey by contact to quiescent substances, and thus cause them 
to undergo decomposition. A similar view was expressed by 
Willis. Stahl's theory was generally accepted. By " ferment," 
to speak in modem language, was understood a certain conveyer 
offeree which decomposed and broke up the q,uiescent groups of 
atoms. Any chemical theories on the point were hardly to be 
expected, considering the state of knowledge at that time. Only 
a rough distinction was made between cUcoholie, aeid, and 
puirejaetiw fermentation. Such was the condition of affairs 
when Lavoisibb came upon the scene. His epoch-making work 
on the significance of oxygen for life, and his foundation of 
quantitative chemistry, necessarily completely revolutionised 
the theory of fermentations. 

^In treating of the early period I have followed, in the main, Kopp's 
moniimental work Oeschichte der Chemie, iv., 286 et seq. See alBo 
Schützenberger, Die Oährungaeraeheinungen, Internat. Wise. Bibl., 1875, 
10 et 9eq. 
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4 FERMENTS AND THEIR ACTIONS. 

Lavoisier definitely stated that alcoholic fermentation con- 
sisted of a chemical tranaformatum of the sugar into alcohol and 
carbon dioxide. He further asserted that this process was 
reversible, and showed that the alcohol still contained oxygen. 

The generation which, eager to experiment and construct, 
erected the structure of modem chemistry on the foundations 
laid by Lavoisier, took no interest in a theme of natural 
philosophy so obscure as the " fermentative process " appeared. 
Even Lavoisier took for granted the existence of such a 
'* ferment," and studied only the chemistry of the reaction — ^the 
externally manifested restUt — ^without troubling himself as to 
the catue. And his immediate successors, and notably Gay- 
LussAC, did the same. Whilst the chemical process of alcoholic 
fermentation was eagerly investigated, the question of the 
''ferment'' was practically neglected. 

Of course, this is to be taken cum grano salis. We shall 
subsequently see, in the history of alcoholic fermentation, that 
many facts were brought together to explain the action of the 
yeast, but a theory , in the strict sense of the word, was not 
looked for. Nor can we regard as such the view of Gay- 
LussAC^ that oxygen alone was the disruptive force in the 
transformation of sugar into alcohol, since, in the main, he too 
only believed that the ferment originated through the medium 
of the oxygen. This did not account for the action of the ferment 
when formed. 

And to adopt the later view of Berzelius and Mitscherlich* 
that fermentation should be attributed to a catalytic or contact 
action is only giving a new name to an unknown quantity. 

In addition to these, there were several isolated attempts 
to explain fermentation by chemical or electrical theories 
{e.g,j Meissner, Gohn),^ but these are of no importance. 

In the meantime the circle of phenomena was considerably 
widened by the discovery of other orp;anic substances wliich also 
exercised contact actions of the same kind. 

BoBiQüET discovered in the kernels of bitter almonds an 
albuminoid substance which possessed the property of breaking 
up the amygdaliriy also present, into hydrocyanic acid and sugar. 
This active principle was more closely examined by Liebig and 
WöHLER and termed emulsin (cf, p. 209). Soon afterwards other 
agents of similar character were found : Pepsin by Eberlb 

iQay-Lussac, Ann. d. Chim., Ixxvi., 247, 1810. 

2 Mitscherhch, Liebig'a Ann., zvi. ; cf. Berl, Acad. Sitzb., 1841, 379; 
1842, 147. 

* Cf. Balling, Oährungschemie, 1845, i., 155 ; Mayer, loc, cit. 
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and Schwank ; trypsin by Corvisabt ; stareltrdissalving diasUue 
by Paybn and Persoz ; »fee. 

These substances were also termed ferments, and regarded as 
allmminous svhstanees which possessed the power of producing 
catalytic reactions. Simultaneously with the eager investiga- 
tion of these phenomena, the theoretical side of tbe problems 
also came once more to the front, and the ground was prepared 
for a theory of fermerUs which should explain these different 
processes from a single standpoint. 
V Thus, then we arrive at the first actual theory of fermenUUive 
action, which embodies a comprehensive conception — viz., Liebig's 
decomposition theory,^ which, although frequently modified by 
him in its details, always retained, as its germ, the idea that all 
fermentation must be regarded as a process of disintegration of 
the molecule ending in disruption and being set in motion by 
a chemical decomposition of the body which induced the fermen- 
tation. Thus, putrefaction was induced by albuminous sub- 
stances which were themselves in a state of decom position , 
alcoholic fermentation by the decomposition of the yeast, the 
decomposition of albumin with pepsin, by the breaking up of 
that albuminoid substance, &c. 

We find then in Liebig's theory, for the first time since Stahl, 
a "dynamic" conception of the processes, and it has therefore 
special importance, even though its explanation of a disturbance 
of molecular equilibrium induced by a chemiecU decomposition 
proved quite untenable. A chemical decomposition of the 
ferments may be at once put aside. Neither the yeast nor the 
albuminoid substances undergo any chemical change themselves, 
either as a whole or in part, in the course of the metamorphoses 
which they effect. Moreover, the investigations of Dumas ^ 
specially contributed to the refutation of Liebig's theory, since 
by them it was shown that fermentation was only set up by 
the most intimate contact between the ferment and its material, 
and, further, that other movements, notably the vibrations of 
sound, were without influence on the decomposition. 

Liebig's theory was intended to apply to all fermentative 
processes, which it regarded as only special manifestations of 
a general catalytic process attended by decomposition; to the 
alcoholic and lactic fermentation of sugar as well as to the action 
of albuminoid substances. S O 

Of the numerous examples which Liebig brought forward as 

^ Liebig, e.g., in his Ann,, Ix., 1 ; and in the ChemiacJien Briefe, 1865. 
Brief, 21 ; c/. aUio Ann. CJiem, Pharm., cliii., 1, 1870. 
3 Dumas, Ann, d. Chim. et Phya. (6), iii., 59, 1874. 
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6 FERMENTS AND THEIR ACTIONS. 

analogies we need only refer to one which clearly elucidates his. 
point of view : Platinum by itself is not attacked by nitric acid. 
If, however, an intimate alloy of platinum and silver be treated 
with nitric acid the silver dissolves and imparts its state of 
dissolution to the platinum, which now becomes equally soluble 
in the nitric acid. 

In this way Liebig also wished to explain the decomposition 
of the ferments themselves, regarded as the cause of the decom- 
position of their materials. 

When, shortly after, the classical researches of Pasteur 
established the fact that alcoholic fermentation and several 
other fermentative processes were intimately connected with 
the vital activity of lower organisms it became customary to 
make a distinction between those processes which were due to 
the activity of formed or organised ferments, and those which 
acted without contact with living cells, and were termed 
unorganised ferments, and subsequently, after Kühne, enzymes, 
such as pepsin, diastase, emtUsin, &o. 

As regards the organised ferments Liebig's theory was forced 
into the background by the discovery of the important part 
played by micro-organisms in alcoholic fermentation, putrefac- 
tion, &c,, and the more so since Liebig could not bring himself 
to admit the significance of the living cells. Hence, in the case 
of the unorganised ferments, also, the importance of his theory 
was not accepted. We shall have occasion to ^describe more 
fully in the history of alcoholic fermentation the development 
of this point ; the purely biological conception of Pasteur, that 
alcoholic fermentation was life of the yeast without oxygen, must 
obviously have proved a great obstru'ction to the formation of 
a general conception of a '^ ferment." 

It involved indeed a complete primary separation of organised 
feTTnents from enzymes, and we have only innate conservatism to 
thank that a formal separation, which would have necessitated 
the abandonment of a simple definition of a ferment, was not 
at once decided upon, to which end attempts have been made 
frequently enough. 

Pasteur's view that the phenomena of fermentation were to 
be ascribed solely to the metabolism of the micro-organism was 
soon accepted by the majority of experts. Of course the idea of 
the identity between enzymes and organised ferments had not 
been abandoned by everyone. In particular, Berthelot, 
Traube, and Hoppe-Seyler emphatically expressed the view 
that even in living cells there toere active enzymes, perfectly com- 
parable with those acting outside the cell and only differing 
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from them in the degree of their connection with the cell. Yet 
they did not succeed in isolating such enzymes, and this £iict 
was continually urged against them by their opponents. 

In this case, too, as we shall see later on, the truth lies in the 
mean of these two views. Pasteur was right in so fisur as that 
there are, in fact, many reactions, formerly known SLB/ermerUeOiiM 
proeesaeSf which can only be regarded jfrom a biological pomt 
€f view as being associated with the metabolism of microbes^ 
whilst other reactions, of which Pasteur asserted the same, are 
undoubtedly enzymic. «3 / 

Now although these views are of importance as regards the 
rdation of the two kinds of ferments, they unfortunately offer no 
theory of the action of ferments. Traube and Hoppe-Sbtlib 
merely assumed a closer relationship between the two group«, 
without, however, making any attempt to explain their action. 
Even if Pasteur's purely biological conception were accepted as 
correct ; yet his theory — that yeast withdraws from sugar part 
of its oxygen only in the absence of atmospheric oxygen, which 
then by ''respiration " again appears as carbon dioxide, ie., that 
fermentation is vie sans air — would soon be rejected as fidse, 
since yeast also causes fermentation in the presence of oxygen. 

Thus, then, although liebig's theory of fermentation by com- 
municated decomposition had been shown to be incorrect, no new 
theory had taken its place. A fresh attempt at this was made 
first by HuFNEB,^ and then notably by Naeqeli ^ in his moleculo- 
physical theory. 

Naegeli took the important step of substituting moleculur 
mbrations for Liebig's chemical decomposition. He assumed that 
the vibrations of the molecules, or of the atoms in a molecnlst 
could be so increased by the corresponding vibrations of a second 
substance that, by mere contact with this substance, a disruption 
of the molecule of the first substance was brought about without 
the catalytic agent which induced the decomposition being itself 
affected. The slightest shock is sufficient to break up unstable 
molecules. This unstable equilibrium may be compared with 
the state of tension which exists in rapidly-cooled glass, which, 
at the lightest touch at a definite point, flies into a thousand 
fragments. Here, too, the slight blow is by no means the cause; 
it only brings about the disruption of a small aggregation of 
glass crystals, but in the act of separation these cause so great a 
shock to the neighbouring particles that these too are broken 
up, and so the small shock is the effective momentum for a great 

1 Hufner, J. pr. Ch. (N.S.), x., 148, 385, 1874. 
^ Naegeli, Theorie dir OähruTig, Munich, 1879. 



Digitized by VjOOQ IC 



8 PERMBNTS AND THEIR ACTIONS. 

transmutation of energy. So, too, does the ferment act on the 
substance which is decomposed, since it leads to new eondUiona 
of equüibrium which involve chemical reactions in which it takes 
no part itself. Now, although this assumption does not explain 
exactly why ferments induce this disturbance — and we certainly 
cannot prove that they are possessed of specially active vibra- 
tions — yet at least we find in Naegeli's theory a dynamie 
conception of fermentative action as opposed to the biological 
view of Pasteur. 

Naegeli, in fact, extended his theory of organised ferments in 
such wise that even living protoplasm could, in his view, emit 
special, active, atomic vibrations. He might, however, with the 
greatest ease have included cUl ferments in this elastic con- 
ception, and so have produced a comprehensive scheme of 
fermentative action. 

Unfortunately he did not take this step. Although he was 
willing to explun enzymic action in an analogous manner, yet 
he regarded it as completely different from " vital " fermentation. 
He believed, too, that enzymes induced endothermio processes, to 
which conclusion he was led by the incorrectness of the earlier 
determinations of the heat of combustion of cane sugar. In 
short, Naegeli, in spite of his definite dynamic theory, firmly 
adhered to a belief in the deep-seated essential difference between 
unorganised and organised ferments. This antithesis of Naegeli's 
was due to the fact that enzymes acted outside the cell, whilst 
the phenomena of fermentation only occurred in immediate 
contact toith the living cell Further, he committed himself to 
the statement that enzymes had the power of converting sub- 
stances which were insoluble and unsuitable for metabolism into 
ntUiritives capable of assimilation, whilst, on the other hand, 
organised ferments lowered the physiological value of these 
substances. However important this distinction may be for 
biological qucfstions, it is absolutely unimportant in studying 
fermentative process from a purely theoretical point of view, 
We could equally bring forward enzymes, which also change 
good into inferior nutritives, and organised ferments, such as, for 
example, those which convert cellulose into assimilable sugar.^ 
To sum up, Naegeli saw in this difference, on which he laid 
stress, only the teleological expression of an essential difference. 
The more deeply-seated cause of his differentiation was the 

'^ Ab is probably done by many micro-orffanisms. As reffards the other 
point, the prodncts of the decomposition of albuminous bodies by trypsin, 
eaoh as leucine, arginine, &c., are certainly not to be regarded as nutritive 
snbetances. 
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indiflsolable connection of the one process with the living cell^ 
whilst the enzymes could exert their action apart from the cell, 
although, unlike Pasteur, he did not directly identify the action 
of the organised ferments with their metabolism. 

In that state of our knowledge it was then really very difficult 
to find room for a comprehensive conception of the notion of & 
ferment. 

Moreover, Loew's^ idea that enzymes are a residue which can 
store active force in the living protoplasm is much too vague to^ 
be capable of being closely examined. A similar theory was 
that of Medwbdew,^ who represented the action of animal oxy- 
dases as a residuum of vital force. The views advanced by 
others {e.g., A. Mater ^) were of a like character. With tho 
radical notion of Gaütier, in which direct vital properties are 
attributed to the ferments, we shall deal subsequently. 

Hansen^ was thus then in a certain sense justified in pro- 
posing to loosen the Gordian knot by simply severing the slight 
connection between organised and unorganised ferments — a 
connection which was only apparent in the historical develop- 
ment of the subject. He considered it best to let the idea of 
a ferment entirely drop, and to distinguish between the action 
of enzymes, which had no need of the living cell, and the 
sphere of fermentative phenomena which was to be regarded 
as a subordinate part of the metabolism of the organisms. A 
dynamic view of the fermentative processes was here abandoned, 
and the biological view brought into prominence as the basis of 
the conception. If it were not possible to bridge over the 
gap between living and dead ferments and to make room for & 
comprehensive dynamic conception, this view would be perfectly 
justifiable and of great service in elucidating the problems 
which present themselves.^ "^ 
I But I hope to show in the following pages that this gap can 
jy\ be bridged over, and that it is quite possible to retain the actual 
notion of a ferment and to give it a comprehensive definition.j)^ 

That the difference between the fermentative actions oi 
enzymes and of living cells cannot be such a fundamental one is^ 
dearly shown by many facts which are too little taken into 
account in this connection. Thus it is quite impossible to draw 
a line of, indeed, only a hair's breadth between the enzymes 
given by the cell to the surrounding media and those other 
ferments which remain firmly attached to the cell. Whilst the 

^ Loew, Pflüg. A,, xxvii., 210. «Medwedew, Pflüg, A., Ixv., 249, 1897^ 

* A. Mayer, Bnzymologie, Heidelberg, 1882. 

^Hanaen, ArbeileAatts dem botan. Institut, Würzburg , iii. 
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10 FERMENTS AND THEIR ACTIONS. 

healthy living cell excretes only certain enzymeB^ it firmly retains 
a series of other ferments. If, however, the cell be destroyed, or 
even its vitality weakened, a portion of these ferments passes 
into the surrounding media, and now, liberated from the oell, 
act as true enzymes (e.^., yeaet invertaae). It is not easy to 
decide whether these ferments should be grouped with the 
enzymes or with the organised ferments, since under normal 
conditions they only act toithin the cell in the protoplasmic 
bond, but when set free they develop independent powers. And 
still more does this difficulty increase when we find enzymes 
which we cannot in any way extract from the cell, but which, 
nevertheless, act independently of the vitality of the cell, since 
they are still active when the vital energy of the cell is de- 
stroyed by substances poisonous to the protoplasm, as is the case 
with the inverting ferment of Monilia Candida^ 
Oi^ A further proof that fermentative activity is not identical 
with the vital process is afforded by the interesting observa- 
tion of FiECHTER,^ that although hydrocyanic acid completely 
destroys the vital process and development of yeast, it does not 
immediately check the fermentative action when a considerable 
Amount of yeast is present. 

On the other hand, de Bary ' asserts that the BacUlus amylo- 
baeter can be boiled for a short time (several minutes) with a 
solution of glucose without losing its power of developing, 
Although losing its fermentative capacity. The same result can 
be obtained by cultivating it for several generations in media 
in which it cannot develop any fermentative activity. In like 
manner, many species of Mucor can be deprived of their 
powers of causing fermentation without their vital power 
beiug weakened. A^ 

In reviewing these facts, Greek' has made a fresh attempt to 
retain the general notion of a ferment, and whilst dropping, as 
was inevitable, the distinction between enzymes and organised 
ferments, he is now disposed to regard all fermentative actions 
as vital processes. This view appears to me unlikely to solve the 
problem. 

In the first place, this purely biological view advances us no 
further in our knowledge of fermentations, whilst the radical 
separation of enzymes, as proposed by Hansen, clears a way in 
this narrower field, at least for a purely "energetic" point 
of view, by leaving vital force out of the question ; the theory 



^ Fiechter, Wirkg. d. Blausäure, Diss. Basle, 1875. 
° de Bary, Vorlesg. Hth, Bacterien, Leipzig, p. fö. 
' Green, Annals of Botany , vii. 
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INTRODUCTION. 11 

proposed by Green, on the other hand, throws the whole 
question back into the forbidden circle of ^^ vital farced" Bnt 
apart from the fact that this apparently simple conception 
carries us no farther, and does not allow us to form any 
definite notion of a '* ferment/' since it even causes the actions 
of ferments to be immersed in the enigmatical depths of viUd 
processes^ it also suffers from other serious defects. It is surely 
going very far to always speak of the action of excreted enzymes 
as phenomena of the viuU proeess, because they were once 
developed within the living cell, even when they exercise their 
activity at a distance /ronij and completely v/neonnected tvith, their 
original sottree. In this way one might arrive at the absurd 
conclusion that strychnine poisoning should be regarded as a 
kind of vital process of nux vomica, if the action of pepsin 
were represented as a vital process of animals. These enzymes 
are only connected with life in the fact that they are products of 
living cells, and are of considerable biologictU importance to liff. 
The other weak point of Green's view is the absolute impossibility 
of classifying fermentative actions. We find, to still consider 
his view, ferments as vital phenomena of higher organisms 
(ens^^tnes), and, according to the definition, completely lording 
it over the metabolism of lotver organisms (phenomena of fer- 
mentation). Bufc why draw the line at mouid-fungi ? If the 
metabolism of the nundd-fungi is fermentative action, why is 
not also that of the moss ? Why not also that of aU higher 
forms of life? We should thus, by following up this purely 
biological principle, arrive at anidentificcUion of the conception of 
ajerment tvith metabolism, and should have given a new name 
to an old problem.^ This objection is applicable not only to 

1 By "vital force" I mean here not that much-disputed specific energy bf 
the vital processes, developing from all inorganic matter, but I conceive it 
purely empirically as the sum of the forms of energy, which compose 
'* life,** and the inter-action of which lias not yet been explained, although 
it may possibly be explained on purelv mechanical grounds. On the 
question of the justification of ** triUUiem'^ I take no side here. 

^Stohmann {Z. /. Biol.y zxxi., 385) starts from another point in as- 
suming that nutritive substances first enter into combination with the 
living protoplasm, and are then split off from the latter by means of 
catalytic o/ction in the form of albumin, fat, &c. In this view, too, 
fermentative actions in the widest sense would have to be regarded as 
involved in the metabolism of the cell itself. This idea has been developed 
into a comprehensive theory bv Max Kassowitz in his Aug, Biologie 
{Vienna, 1899). {Cf. also my abstract on the subject in the Naturwiss. 
Wochenach., May 1899). It cannot, however, aid us in the consideration of 
the fermentative process by itself, since the processes which take place in 
the protoplasm do not admit of critical consideration. 
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12 FERMENTS AND THEIR ACTIONS. 

Green's view, but in general to the idea of the action of organised 
ferments being the metabolism of lower organisms, as formulated 
by Pasteur. Nothing here justifies us in drawing an arbitrary 
boundary between the lower motUd/ungi, whose metabolism is 
to constitute fermentative action, and oiher forms of life — 
higher mouida, chlorophyll-containing plants and animals. This 
has, moreover, been implicitly admitted by Schutzekberger,^ 
the most ardent supporter of the biological point of view, who 
explains the previous differentiation of fermentative phenomena as 
being due to defective knowledge. 

The biological point of view is thus shown to afford no help in 
forming a comprehensive conception of a "ferment," and, if it 
be impossible to find a dynamic point of view and to bridge 
the gap between enzymes and organised ferments, we must fall 
back upon Hansen. We must distinguish between the lifeless 
enzymes and the vital pJienomena as such; and it is then also 
justifiable within these limits to regard the vital phenomena of 
the lower mould fungi as separate from those of other organisms. 
The subject then becomes merged in purely biological questions 
which no longer concern the thsory of ferments, ^«^ 

But there is no necessity for this. The facts mentioned above 
having already made the boundary line between organised and 
unorganised ferments indistinct, the epoch-making experiments 
of E. Büchner have rendered the distinction in its theoretical 
significance capable of removal. Buchner's success in isolating 
the enzyme of yeast cells, or zymase, the action of which had for 
so long been regarded as inseparable from their vital process, 
and in fermenting grape sugar by its means, independently of 
the cells, opens up the probability that the distinction generally 
between enzymes and organised ferments will disappear from 
the theoretical point of view. 

This will furnish the indispensable preliminary condition for 
a comprehensive conception of a ferment, and this conception 
can only be of a " dynamic " character. 

We must ask ourselves : What must he the nature of the decom- 
positions which we term fermentative actions ; and at what point is 
the boundary between then and oilier processes to be fixed f 

Now, we know that the so-called enzymes have the power of 
resolving stored-up chemical tension ; this has long been known 
as regards alcoholic fermentation,^ All we have to do then is to 
regard by analogy all fermentative processes as liberaling 

^ Schtitzenberger, Die Gährvngerscheinungeny Internat. Wifls. Bibl., 
1876, 1. 
•-* Cf. also Stohmami, Z. für Biol, , xxxi. , 385. 
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phenomena of the same kind, whether or no this liberating 
energy is more or less closely bound up with the protoplasm of 
the cell ; on the other hand, we shall separate from fermentative 
actions every process in which phenomena other than the 
emission of energy take place, especially those in which a state 
of tension is generated. 

We shall thus reduce the relationship of living cells to fer- 
ments to the fact that all ferments originate in living cells to the 
exclusion of similar factors in the inorganic world which also 
liberate energy; and that, biologically, ferments are an ex- 
tremely important instrument of the organisms in which they 
are developed. On the other hand, the chief stress is to be laid 
upon the dynamic side of the question — the amount of heat 
rendered perceptible. 

A chemical reaction in which the entire mass of the reacting 
substance takes up energy, as, for instance, the reduction of 
carbon to acetylene, can only take place with the addition of 
active force from outside; such reactions only occur at high 
temperatures or under the influence of the electric current. 
Generally speaking, if an endotherm ic reaction proceeds at the 
ordinary temperature without the addition of foreign energy, 
there must also be a parallel exothermic reaction which is 
numerically comparable with it, so that the sum total of the 
heat rendered perceptible must be equal to or greater than + 0. 
When nitric acid is reduced by means of zinc to hydroxylamine 
and ammonia, with an accompanying absorption of heat, this 
endothermic reaction is counterbalanced by the exothermic 
solution and oxidation of the zinc, so that the total result repre- 
sents an excess of energy. If, however, endothermic fermenta- 
tive processes exist, they lack both of these necessary conditions. 
A specially active introduction of energy is not essential, since 
the actions of ferments proceed at low temperatures. And a 
reciprocal process never occurs. One has invariably to deal 
with reactions proceeding entirely in one direction, to which no 
thermo-chemically opposite reactions run parallel. If, then, we 
are unwilling to ascribe to ferments the capacity of concen- 
trating like a concave mirror, free energy from somewhere or 
other, and utilising it to bring about endothermic fermenta- 
tions, we must simply decide that enzyntic processes can only be 
eocothermic. Against such a daring conception of concentrations 
of energy by minute quantities of ferments, which, even in the 
process itself, appear to remain inactive, may be urged the fact 
that fermentative processes are never assisted, but are sometimes 
checked, by sunlight, in which surely sueh a coucentration 
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14 FERMENTS AND THEIR ACTIONS. 

would occur more readily. It is, therefore, at present not 
possible to conceive of an endothermic process being a fermenta- 
tive process, since the source of the energy is unknown. On 
the other htLndj/ermeniative processes of an exothermic nature are 
at once conceivable, since in this case the origin of the liberated 
energy is to be found in the molecular groups themselves, which 
are undergoing fermentation. 
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CHAPTER II. 
ESTABLISHMENT OF THE CONCEPTION OF A 

i< ferment;' 

Fbom these considerations we anive at the foUatoing definition of 
the notion f&rmerU. 

Ä ferment is the material suhstratwn of a peculiar form of 
energy which i» produced hy living cells and adheres more or less 
fiarwdy to them without having its activity bound up unth the vital 
process as such; this energy is in a condition to bring about the 
liberation of latent {potential) energy of c/iemical substances and 
its conversion into kinetic energy (heat, light) ; in such manner 
that the chemical substance is so changed in the process, that 
the new substance or the sum of the new substances produced 
poAsesses a smaller potential energy {Le,, a smaller heat of com- 
outtion) than the original substance. In this process the ferment 
itself remains unchanged. It acts specifically — that is to say, 
every ferment exercises its activity exclusively on substances of 
well-defined structural and stereo-chemical composition. I will 
endeavour to elucidate the difierent heads of this definition. 

I have described ferments as the material substratum of a 
form of energy, because we are still absolutely in the dark as to 
the chemical nature of ferments. Whilst on the one hand some 
are disposed to regard ferments as well-marked chemical comr 
pounds of definite composition, which have not yet been obtained 
in the pure state solely on account of the defective state of our 
knowledge, others consider them to be completely immaterial 
quantities of energy attaching themselves, as it were, to various 
chemical substances, like the electricity in a conductor {Arihus^\ 
The views fluctuate about the different intermediate points 
between these two extremes. 

Formerly ferments were regarded as simply albuminous sub- 
stances, or, conversely, fermentative activity was attributed to 
albuminous substances, as was especially asserted of the diastatie 
ferments (q.v,). On the other hand, solid, very active, prepara- 
tions were obtained, especially from pepsin and invertase (q*v.), 
^ Arthus, La nature dee enzymes^ Paris, 1896 (Theflis). 

Digitized by VjOOQ IC 



16 FERMENTS AND THEIR ACTIONS. 

which no longer gave proteid reactions and so lent support to 
the idea that chemical individuals were present. However, in 
spite of many investigations, no ferment has as yet heen shown 
to be a simple substance with any sufficient degree of probability, 
and still less has the constitution of any been determined. Any 
opinion on this point must therefore be expressed with all reserve. 
We shall subsequently deal with this question more fully. 

Of the ways and means by which tliese peculiar forms of 
energy develop their activity we have not the slightest trust- 
worthy idea. We must simply resolve to regard fermentative 
actions as special phenomena of the ominous " catalytic " pro- 
cesses from which their differentiation is required by the fact 
that they are produced by living cells. Catalytic action is nothing 
more than a scheme of despair under which we may group 
chemical reactions which, while possessing a certain similarity 
in their course, cannot, without further knowledge, be explained 
by our simple chemical theories. With the advance of our 
knowledge, we have naturally been able to assign many pheno- 
mena which were formerly regarded as catalytic to simpler 
chemical laws, so that this useful idea has undergone a consider- 
able limitation in its applicability. At the same time we must 
not forget that in its essence even the theory of simple chemical 
decompositions and of chemical affinity is, as regards our theoreti- 
cal knowledge, only one vast enigma; that we have only been 
much longer accustomed to deal with these conceptions as 
indispensable fundamental axioms without being able to 
approach them otherwise than metaphysically, which also holds 
good in a still wider sense of the conceptions of matter and 
force in general.^ 

It would thus, in fact, only be referring a smaller special 
enigma to the general enigma of chemical force if we succeeded 
in giving a purely chemical explanation of '* catalytic " action, 
S3 Hiifner has attempted to do in a very able manner. We shall 
subsequently deal with this again more at length, and also show 
that fermentative processes exhibit other very considerable 
differences from the simple catalytic processes. 

In the meantime, in order to form a definite conception of 
these force-emitting agents we may accept Naegeli's view as a 
suitable representation. 

^ The danger which Ues in regarding our scientific fundamental axioms 
not merely as Jarms of view but as objective realities in the metaphysioal 
sense has been recently impressively referred to by one of the omoers, 
BouTZMANN, in his excellent speech before the Congress of the Munich 
Natural Philosophers, 1899 (cf. Nat, Rdach,, 1899, No. 39, &c.). 



Digitized by 



Googk 



CONCEPTION OF A FERMENT. 17 

Just as we are willing to regard the atoms in a molecule as 
being not at rest, but as vibrating in a state of equilibrium, so 
too we may also assume that there are also in the catalysing 
agents such vibrations, possibly of a very energetic nature, . 
which by communicatioD of their motion break down a system 
of stable tension in one place; and that now this disruption 
spreads spontaneously by virtue of the heat liberated at its 
commencement, without the catalysing agent being involved in 
the decomposition ; the process first comes to a standstill on the 
restoration of a new and more stable equilibrium. This theory 
receives further support from the fact that the modus of fermen- 
tative decomposition processes is similar, although not analogous, 
to that developed by other agents of a purely chemical nature, 
as, for example, dilute adds ; we shall go more fully into this 
question when discussing more closely the manner in which 
ferments act. 

Another way of looking at the subject, which, however, also 
does not serve us as a mode of representation, is that the activity 
of ferments should be regarded not as remaining unchanged 
itself, but as being continually regenerated. Thus in the hydro- 
lysis the ferment itself is said to first absorb water and then to 
part with it to the substratum which is undergoing the hydro- 
lysis, being restored to its original condition to repeat this 
process. Apart from the fact that it is very difficult to conceive 
how the ferment in aqueous solution should be in a condition to 
again part with its water, and especially to substances (such as 
albuminous bodies) which otherwise have no affinity for water 
under these physical conditions, the theory explains nothing, 
for the question still stands on the same footing : Why does the 
ferment-hydrate, if I may so express myself, part with its water 
again to the substratum ? It is evident that Naegeli's theory is a 
more simple and elastic conception than this somewhat artificial 
mode of representation.^ 

Neither of them gives an explanation^ but only describe in 
periphrases the everlasting catalytic action. In addition to 
these, the momentarily rapid action of individual ferments 
{rennet) has led an adherent of this mode of considering the 
subject (Fick) * to form a catastrophic theory of explanation, and 
for this reason to separate rennet from all other enzymes. An 

^ An attempt to determine experimentally by the increase in weight the 
amount of water which the ferment was said to absorb during the de- 
oomposition has given disappointing results. (A. Mayer, Emymologie, 
Heidelberg, 1882, 107.) 

« Kick, Pflüg, Arch,, xlv., 293. 
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attempt was made to explain decompositions attended with 
oxidation in the same way as hydrolytic decomposition. Accord- 
ing to this the ferment was itseU altemaiely ooeidiaed and reduced, 
absorbing oxygen, and again parting with it to the medium» 
What has been said above also applies to this view. In this 
action the organicaUy-comMned iron has been thought to play 
an important part.^ 

Another view, which appears to me more worthy of consider- 
ation is that which, proposed in outline by Bunsem and HÜFKBBy 
was supported by Wurtz in his research on papain. According 
to this view we are to assume that the ferment first combines 
with the substratum undergoing fermentation to form an un- 
stable compound which rapidly decomposes, and that in the 
decomposition of this compound a decomposition of the sub- 
stratum also sets in. This view receives support in particular 
from the facts that ferments, notably pepsin and papain, actually 
do enter into so stable a combination with fibrin that the com- 
ponents cannot be separated by mere washing. We shall not 
be able to draw the conclusions from these facts until later on, 
but we must at once assert in advance that a view which 
assumes a preliminary combination of ferment with substratum, 
although it allows of an elastic conception of the conditions of 
the beginning of fermentative action, is not suitable for develop- 
ment into a complete theory of the action of fermerUs. Whilst 
the inner nature of *' fermentative " processes is an enigma, it 
is. certainly not difficult to perceive their end and the external 
conditions of their course. 

The essence of catalytic and of fermentative processes is 
embodied in the gradual, as exposed to the explosive and sudden 
liberation of accumulated tension, by means of those material 
substrata of energy, which for the inorganic world we describe 
as catalysing agents, and as ferments in the case of the organic 
world.^ The ferment is as little the cause of the decompositions 
which it effects, as the electric spark in the eudiometer is the 
actual cause of the tremendous liberation of force in the combin- 
ation of hydrogen and oxygen, but only the liberating momentumy 
or as the violent shock from a blow is the cau^e of the explosion 
of a nitro-glycerin cartridge ; this conclusion may be drawn 
with certainty from the fact that the ferment is not injured in 
the liberation of pent-up stores of energy which according to its 
character it brings about, but remains intact. In fact, it only 
gives the impulse towards the conversion of unstable groups of 

1 Sacharoff, Centralbl. /. Bakt,, xxiv., 661, 1898; Spitzer, Pßüg, A., Ixvii. 

2 See Stohmann, Z. /. Biol., xxxi., 385. 
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atoms into more stable groups, and this change, when once com- 
menced, is complete without the farther influence of external 
momenta. 

From this view it necessarily follows that the new products 
formed in this way during fermentation must possess a smaller 
sum of potential energy than did the original material, since 
a part of the accumulated tension in the latter is liberated in 
the form of kinetic energy (especially JiecU). The products of 
every fermentation must therefore possess a smaller total hsai 
qfcombusHon than that of the original substance, inasmuch as 
this serves as a measure of the degree of tension still present. 
We see, then, that all fermentations must be exot?iermic pro- 
cesses, but that, on the other hand, we have no right to also 
describe as the actions of ferments chemical processes in which 
the (»ddUion oi external energy is required, these being endothemnc 
reactions in which the sum of the potential energy of the new 
bodies produced is greater than that of the original substance* 

If we transfer this mode of reasoning from the general 
dynamic point of view to chemical processes, we see that 
within the limitations which holid good for fermentative pro- 
cesses, in which a simple exchange of atomic groups of different 
tension (eubstittUion) does not occur, only ttoo chemical reactions 
can, without straining the point, be attributed to fermentative 
actions, viz. ; — In the first place, decomposition accompanied by 
an absorption of the elements of water — hydrolytic decomposition 
analogous to that effected by acids or alkalies ; and secondly, oxi- 
dation, usually in conjunction with a separation of the molecules 
— oxidising decomposition — in which atmospheric oxygen may be 
utilised, or which may proceed without such assistance, as in 
inner oxidation (vide infra). On the other hand, according to 
our view, it is not permissible to assign other processes, such 
as reactions of a rediictive or synthetic character, to fermentative 
actions. 

It appears to me urgently necessary to postulate this limitation 
to the nature of fermentative processes, because, owing to the 
close relationship in which ferments stand to the vital process, 
specially in the case of lower organisms, it is only possible by 
means of this strict differentiation to draw a firm line of de- 
marcation between fermentative processes which are caused by 
living cells,, and purely biochemical decompositions, which are 
actually a condition of the metabolism of the living organism, 
and inseparably bound up with it. We must, therefore, learn to 
distinguish between the/erments of living ceUs, whose activity 
we can conceive of being separated from the cell, and which 
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indeed can also in many cases be de facto so liberated, and the 
vital processes of the cell as sucb, for which naturally reductive 
and synthetic endothermic processes are also admissible. Fer- 
mentative actions, or at least an important part of them, must 
no longer be identified with the metabolism of certain lower 
organisms. Ferm&ntoUum phenomena are, as we shall see 
later, a mixture of processes, which are either indisputably 
fermentative, or can at least be regarded as such without 
straining the point, with other processes in which reductive 
and synthetic reactions take part, and which are only produced 
by the purely vital metabolism of these organisms. For these 
reasons^ it is perhaps best to throw overboard altogether the 
notion of /ermentcUum (Gährung) as it has developed histori- 
cally, and to draw a distinction between the fermentative actions 
of lower organisms which are to be placed in complete analogy 
to those of higher animals and plants, and the hiochevnistry of 
micro-organisms in the narrower sense, which by imperceptible 
stages, nowhere sharply differentiated, approaches that of the 
higher organisms. If we do not resolve to completely separate 
chemical processes of an endothermic character in the lower 
forms of life from the fermentative processes in the same 
organisms, it is absolutely impossible to keep within definite 
bounds the subject of the action of ferments. 

Processes such as, for example, the transformation of atmo- 
spheric nitrogen into ammonium salts, of sugar into mannite^ 
of formic acid into marsh-gas, and the reduction of sulphur 
compounds by varieties of Beggiatoa (Cohn),2 which are brought 
about by micro-organisms, are the sort of processes which 
must he separated from fermentative processes and assigned 
to the biochemistry of the micro-organisms. We therefore no 
longer draw the boundary line between organised and un- 
organised ferments, but between fei*ments in general in the 
sense given above, and the vital process as such, the dynamic 
decompositions of which are subject to no limitations, since it 
possesses a source of energy in its own protoplasm ; we no longer 
differentiate in accordance with a biological, but with a dynamic 
principle. 

The reason why the fermentative processes have been brought 
into so close a connection with the metabolism of the lower 
organisms is, as we have already explained, due to the fact 

1 Of course, this is (ndy for this theoretical point of view. In practice, 
the terminology ''fermentation" (Gährung) is too valuable to us as a stop 
gap, at least, to be discarded. 

^Cohn after Pfefier, Pflanzenphysiologie, Leipzig, 1881, 369. 
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that until recently many processes of undoubtedly fermentative 
character were looked upon as inseparcUde from the living cell. 
In this sense a distinction was made between the ferments which 
could develop their activity independently of the living cell, 
and were termed unorganised /ermenU, or, in accordance with 
Kühnb's suggestion, enzytnes, and the formed or organised /er- 
ments which were only active in immediate contact with the 
living cell. In the wider sense, too, the bearers of these 
ferments, the cells, were themselves termed organised ferments. 

We have, however, shown that there is no essential difference 
in the nature of unorganised and organised ferments, but that 
the only quantitative difference between them lies in the way 
in which they are more or less closely connected with the living 
protoplasm. And if, from the facts hitherto observed which 
point in that direction, we venture to draw the conclusion that aU 
ferments act, in the strictest sense, independently of the vitality of 
the cell, and that it is possible with more or less difBculty to 
establish this independence, the barrier between unorganised and 
organised ferments will vanish in favour of a uniform method of 
viewing all true fermentative actions, even though, as indeed 
has hi^k^erto actually been the case, there are certain processes of 
the kind which cannot yet be separated from the living proto- 
plasm, or even if this separation should not be accomplished in 
the future. 

All ferments have in common the fact that they are produced 
by living cells, but there are considerable differences in the 
relationship in which they stand to the mother cell after their 
formation. We have seen that the degree of this connection 
varies from that of the simply excreted ferments to that of those 
which hitherto it has been absolutely impossible to separate 
from the living cells {lacUc acid fermsntaiion). But, for our 
point of view, it is not a matter of decided importance whether 
the activity of a ferment can actually be observed apart from the 
vital activity of the cell which proauced it ; it is sufficient to 
form a eoru:eption of its activity under these conditions. 

We will then emancipate ourselves, theoretically at least, from 
this distinction between organised jfermewts and enzymes, and 
term all processes fermentative in which, by means of living 
cells or their products, such exothermic processes of decomposi- 
tion are brought about. On the other hand, we will separate 
from fermentative action all processes in which the living cell, 
by virtue of the energy contributed to it from outside, accom- 
plishes endothermic processes, such as those of reduction and 
synthesis, because, according to our view, such processes, be- 
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longing exclusively to the vital process as such, must be 
relegated to another branch of science — the biochemistry of the 
protoplasm in the narrower sense. This theory incli^des the 
biochemistry of the higher organisms as much as that of the 
Unoer ; the synthesis of carbohydrates and albuminous sub- 
stances, of the alkaloids and the colouring and bitter principles 
of the higher plants, as well as that of the glycogen, hippuric 
acid, urea, <fec., of the higher animals ; and we will consistently 
refuse to group such processes under fermentative actions. In 
this sense, then, we can as little recognise a ureorforming ferment 
of the liver 1 as a reducing ferment of the tissue ; or as little as 
one would agree to the assumption of a strychnine-forming 
ferment in species of strychnos, or of an inulitirforming ferment in 
dahlia seeds. 

Here I must still dwell upon a primary point of great im- 
portance. Theoretically, it would be possible as a result of the 
purely dynamic view of fermentative processes to go so far as 
to effect a primary separation of all exothermic processes of 
the living cell from the endo thermic processes, grouping the 
former in their entirety ^& fermeniative processes on the one hand, 
and the latter on the other as specific vital processes. We should 
then, also, describe as fermentative the far-reaching processes of 
combustion in living cells, which lead to the formation of end- 
products no longer possessing any tension, such as, notably, 
carbonic acid, water, . and salts saturated ctd maadmum with 
oxygen (e.g., sulphates and pfiosphates), I should not, however, 
care to draw this radical conclusion. Although I must regard 
all fermentative processes as exothermic, yet all exothermic 
processes of organisms need not therefore of necessity be of a 
fermentative character. We must endeavour to preserve the 
historical conception, as far as is possible at least, and not run 
the risk of bringing incompatible things under a common notion 
by reason of too far-reaching a generalisation, and thus possibly 
creating fresh confusion. These complete oxidations in which 
the living cell applies to its own use the tension of so active a 
substance, while it saturates all its affinities with oxygen, are 
surely essentially different from the fermentative processes, in 
which, with a loss of energy, more stable conditions of equili- 

^ Of course, this only holds good in so far as the formation of urea in the 
liver is, in accordance with common conception, a synthetic process (from 
ammonium carbonate) ; but not as an explanation of the splitting off of 
urea from larger molecular groups, whicn may be accomplished by an 
enzyme of the liver (Bichet, Compt. Hend,, cxviii., 1127). (For particulars» 
see Urea ferment in the special part. 
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britiiD, which are also still in a state of tension, are substituted 
for conditions of unstable equilibrium. The fermentative fnodu$ 
need not be the only one to which the living cell has recourse to 
disintegrate substances of high molecularity. We are as little 
compelled to draw an analogy between the ceaseless combuaHon 
of carbohydrates in the organism and the fermentative composi- 
tions as to admit an analogy between the decomposition of 
starch by dilute acids and its complete oxidation to carbon 
dioxide and water by glowing copper oxide or potassium bi- 
chromate and sulphuric acid. Although it is, theoretically, not 
completely out of the question to show that, in redlityy all such 
processes may be brought about indirectly («.e., by ferments), 
yet such an assumption, for which it is quite impossible to find 
Any experimental proofs, is too contrary to our conception to 
enable us to draw such an ' analogy between simple decom- 
positions and radical combustions. 

Whether this "combustion" be regarded as intramolecular 
respiration after Pfliiger, or the catastrophic hypotheßis of 
Kassowitz be adopted — in either case it would, in my opinion, 
be going too far to describe without further proof these oxidation 
phenomena as fermentative processes, merely because they too 
«re exothermic. We will content ourselves with having sought 
for a comprehensive definition of the fermentative process 
without attempting now to explain all the exothermic reactions 
in the vital process. Yet, simple as is this purely dynamic 
comprehensive conception from a theoretical point of view, there 
are still some difficulties when we now proceed to assign, on the 
basis of this conception, definite limitations to the material with 
which we are to deal. 

Although, as I have already shown above, much of it may at 
once be excluded, in which without doubt endothermic processes 
appear either alone or in a marked preponderance, whilst 
another part may be as readily included ; yet there remains a 
not insignificant residue, with which, in the absence of any fixed 
theoretical basis, we must deal more or less arbitrarily. 

This holds good, for instance, for the manifold and innumer- 
able decompositions which are efiected by means of mtcro- 
oTganiama. Many of these are pure decompositions, and as such 
exothermic — i.e., fermentative processes, as, for example, the 
decomposition of grape sugar into lactic acid, which, indeed, is 
also produced from the sugar by a regular chemical decomposi- 
tion; likewise the dissolving of albuminous substances, and 
of gelatin by bacterial ferments, some of which can even be 
isolated. 
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Other bacterial actions must without further consideration be 
separated from fermentative processes as being purely metabolie 
products, such as, e.g,f the production of tubercle, fat, &c., in 
media containing no albumin, in which, undoubtedly, ayntheUcal 
processes take place. 

It is more difficult to come to a decision about numerous other 
more complicated cases, as the circumstances compel us to 
definitely assign the processes to metabolism, or else to assume 
the presence of many as yet unknown ferments in one and the 
same organism. A typical example may serve to show whether 
I am justified in omitting all these peculiar bacterial decomposi- 
tions, although possibly part of the processes is of a fermentative 
character. 

According to Grimbert,i Friedländer^s pneumobacillus produces 
from Tnannite much lactic add, together with much acetic add 
and alcohol; from duldte it produces miich sticcinic acid, no 
lactic add, and but little acetic add, with much alcohol; and from 
arahinose, much lactic oßid, no succinic add, much acetic acid, 
but no alcohol; with xylose, again, it acts differently. Other 
micro-organisms behave in a similar manner. Although, as I 
have said, I will readily admit that fermentative processes 
actually do also take part in these phenomena, yet it appears to 
me disadvantageous on practical grounds to discuss ail these 
processes in a treatise on ferments. Practically they belong to 
the biochemistry of micro-organisms. 

For similar reasons I have decided to omit here putrefactivi 
processes in the narrower sense. Although true fermentative 
processes without doubt take part in these decompositions {e,g.^ 
of cellulose, glycerin, albuminous substances, and the like) as 
effected by putrefactive micro-organisms, yet they are so inter- 
woven with other processes, doubtless of a purely biochemical 
reductive nature, that it is impossible to isolate and to group 
them with the fermentative processes. Although in putre- 
faction typical hydrolytic decomposition products are formed 
from Proteids by genuine fermentation, yet for the most part 
they are changed subsequently by the purely biochemical 
processes of reduction and synthesis. Thus indol derivatives 
are probably formed by synthesis and reduction from amido- 
acids ; but certainly the putrefactive bases (such as, for example, 
putresdne and cadaverine),^ Jatty adds, and hydrogen sulphide 
are formed by reduction ; and, in an analogous manner, methane 

1 Grimbert, C. R. Soc. Bid., xlviii., 191. 

^ EUinser {Ber, d. d. chem. Oes.^ xxxii., 1899) has succeeded in splitting 
off these oases from ornithine and lysine by means of putrefaction. 
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from cellulose. In any case it is impossible, out of this extra- 
ordinarily complicated association of the most diverse chemical 
reactions, to form a conception of a true fermentative process 
which can be regarded independently of the vital process, 
and no Bucbner will succeed in isolating from the bacteria a 
piUre/active enzyme with its typical capacities. 

The so-called butyric ctcid/ermetUation appears to me to stand 
upon the same footing. In so far as it can be attributed with- 
out doubt to a reduction of oxy-acids caused by micro-organisms, 
it is certainly not a fermentative process. This is probably also 
the general rule, even when the butyric acid is formed directly 
from sugar ; in any case the process is so far from being uniform, 
since every kind of micro-organism and every material lead to 
the formation of different products, that it is impossible to look 
for a true fermentative process in the medley of biological de- 
compositions. I therefore refrain from discussing it, as also the 
viscous fermentation and other decompositions of carbohydrates 
due to micro-organisms. 
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CHAPTER III. 

THE CHEMICAL MATURE OF FERMENTS. 

In the first place, as regards the "organised'' ferments, this 
question may be dismissed in a few words. As constituents of 
the protoplasm, they are, as a rule, not accessible to chemical 
investigation. Even Büchner s zymase has not been isolated in 
such a state that we can think of a thorough chemical exami- 
nation. It appears, however, to stand in close relationship, at 
least, to the albuminous substances. 

This also is the case, in the main, with the enzymes. Whilst at 
the present time, many, especially French investigators (Arthus), 
regard enzymes as immaterial centres of energy which are bound 
to a sub-stratum, the nature of which has no bearing on their 
activity, and which should even be in a condition to bring about 
reactions from a distance^ yet the majority look upon enzymes as 
definite cliemicaZ compounds,^ 

But in spite of long controversy no decision has yet been 
arrived at as to the nature of these substances. 

The difficulties of such investigations, already great in 
themselves, have been increased tenfold by the fact that it is 
exceedingly difficult to free ferments from foreign substances. 
Hence it happens that, notwithstanding all the labour expended 
upon this subject, no ferment has up to the present time been 
prepared in even an approximately pure condition. 

^Compare with this the very singular idea of DE Jager {Virch, A., 
«xxi., 182, 1890), who maintains the complete immateriality of ferments, 
and now in support of his theory asserts that he has observed ferments 
acting at a distance through the medium of ether (i.e., in the air/), as also 
the spontaneous formation of substances causing fermentation. Such a 
theory was specially adopted for renriet by FiCK {Pflüg. Arch., xlv., 293, 
1889), who found that when a layer of milk was carefully placed over an 
active solution of the ferment, the whole of it immediately coagulated, 
notwithstanding the fact that the upper parts of the layer did not come so 
rapidly into contact with the ferment ; this interesting observation was, 
however, contradicted by Latschenbekgbr {C.f. Phye., iv., No. 1, 1890) 
and Lea and Dickinson {J. of Physiol., xi., 307), who showed that if a 
mixture were rtaüy prevented, a coagulation of the upper layers only 
oocorred after several hours (c/l also Walthir, Pflüg, A., xlviii., 529). 
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Ferments have the property of being withdrawn from their 
solution by falling precipitates, which specially increases the 
difficulty of separating them from albuminous substances. 
Moreover, the temperature throughout all the operations 
must never exceed 70" C, since with that degree of heat 
ferments become inactive, and all possibility of recognising 
them is then lost. 

It is then not surprising that even at the present time not 
even the first question whether ferments should be regarded as 
€Ubuminou8 substances has been satisfactorily answered. 

Earlier observers (Liebig, Roubiquet, &c.) simply considered 
ferments to be '' albuminoid substances." 

Afterwards many investigators very energetically opposed 
this view — particularly Hüfner, in the case of paTicrecUin 
{trypsin), Wurtz in the case of papain^ and Barth and Zul- 
KOWSKi in that of diastase. They based their views principally 
on the wide difference between the results of their analyses and 
those of albuminous substances. 

At the present time, however, all these earlier researches are 
not to the point, since it is abundantly clear that these in- 
vestigators had in their hands extremely impure preparations 
partially contaminated, in particular, with a large proportion of 
higher carbohydrates, so that their analytical results are without 
value. For this reason I also reject their conclusions.* 

LoEW,'too, had no diflSculty in proving the unreliability of 
all previous investigations when he propounded his theory that 
ferments were different varieties of '* active peptones." 

His criticism, which was fully justified, received special 
support from his proof that the saccharifying ferments were 
invariably contaminated with insoluble carbohydrates — ^viz., 
gums and dextrins — which must have had a disturbing in- 
fluence, not only on the results of the analysis, but also on 
the investigation of the decomposition products. Thus, Loew 
concluded that the fact urged by Barth as a proof against the 
albuminous nature of invertase — ^viz., that he could find no 
leucine after decomposition with sulphuric acid — was accounted 
for by the fact that any leucine present could not crystallise out 
from the sugary syrup which was formed. He himself obtained 
from diastase a purer preparation, which gave the reactions of 
peptones (or, according to our present views, of albumoses). 

He assumed that unorganised ferments were formed from the 
protoplasmic albumin by a process of depolymerisationf in which, 

^ A table will be found in Loew's communication, Pflug, A,, xxvii., 204. 
^ Loew, Pflüg. A., xxvii., 203, 1882. 
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out of about twelve aldebydic groups, which, according to his 
view, protoplasmic albumin contained, only two or three still 
remained attached. He then attempted to prove the presence 
of free aldehydic groups in the enzymes, and showed that active 
pancreas ferment gave an intense black coloration with neutral 
silver oxide, whilst boiled (i.e., inactive) solutions of enzymes 
only showed a very faint brown colour under the same 
conditions. 

This very interesting fact constitutes the only proof of a 
chemical di£ference between active and inactive ferments. It 
has only once been entirely confirmed, and then in the case of 
glycerin extracts of vibrios, specially of cholera, by Macpadybn* 
who also adheres in other particulars to Loew's view that 
ferments are "unstable" albuminous bodies. They are, more- 
over, to be thus classified, he argues, from the fact that they 
cont&m amido-groitps, which Loew ' endeavours to show is pro- 
bable, inasmuch as they are rendered inactive by formaldehyde. 
This simultaneous presence of aldehydic and amido groups 
should necessitate their instability. Yet the ferments are 
certainly not unstable, but stabUy and only bring about the 
disruption of other unstable {poterUiaJUy unstablCy according to 
Loew) molecules ; indeed there is some reason for assuming that 
ferments before acting attach themselves to the stibstrata, in 
which process intermediate changes in their own structure may 
well take place. The whole conditions, however, are far too 
obscure for Loew's view to be accepted with success as a 
"heuristic"^ principle. As regards the original issue of the 
theoretical view — the acceptance of the albuminous nature of 
ferments — Loew's experiments have not brou^t the problem 
nearer to solution. That active ferments give albumin reactions 
only proves that even carefully purified solutions of ferments 
still contain albuminous bodies ; it cannot, however, be inferred 
from this that these albuminous substances are the ferment itself. 

In fact, by repeating tedious processes of purification, very 
active preparations have been obtained, especially of pepsin and 
invertase, which no longer gave any proteid reactions. We can 
easily dispose of the oft-repeated objection^ that the ferment 

1 Macfadyen, Joum. of Anatomy and Physiology, xxvi., 409, 1892. 

^ Loew, Science, 1899, p. 865. He also refers to a similar proof given by 

KXNCKI. 

•A "heuristic" principle {tifpurKetvzz to find) is a hvpotheais or view 
which not only summarises known phenomena, bnt whicm, being accei>ted, 
affords premises for further oonclusions. It has practically the same signi- 
ficance as "workinghypothesis." 

* Of. inter alios, Fekelharing, Z. phyeiol, Chem., zxii. 
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itself in this case may still be an albuminous body, which is 
only present in so small a quantity that the ordinary reactions 
do not take place, although the ferment is still active in this 
extreme state of dilution. We have before us a dry substance 
which dissolves readily in water, no longer gives proteid re- 
actions, and contains only insignificant quantities of ash and 
carbohydrates; here then we have a chemical substance of a 
characteristic nature, which is either the ferment itself, or is 
attached to the ferment ; surely in either case, under such con- 
ditions, the ferment is not an al&uminous substance. 

However, this does not hold good without qualification for 
all enzymes. In fact the latest investigations on diastcue 
(Wröblewsei) seem to prove that pure diastase is a substance 
of an albumose nature, and it is not possible to absolutely free 
trypsin from its albuminous characteristics. 

The unsatisfactory part of all these investigations is always the 
fact that ferments can only be recognised by their specific action; 
and that they do not respond to any chemical test. For certain 
colour reactions as, for example, with orcin and hydrochloric 
acid (vide Emidsin) are so uncertain and most probably to be 
attributed to impurities, that it is not worth bringing them 
forward as in any way general reactions for enzymes. Hence 
the constitution of enzymes is still at the present day one great 
enigma. For we do not possess more exact chemical results 
even in the case of enzymes apparently free from albumin. 

More recently the view has been expressed in several quarters 
that ferments possess a more complicated structure than albu- 
minous bodies in the strictest sense. 

KÜHNB had previously announced that on heating, or on treat- 
ment with acids, an albuminous substance was split off from tryp- 
sin. Hence he ascribed a very complicated structure to trypsin. 

Then Pekblharing^ was the first to conceive the idea that 
pepsin might be a nucleo-proteid. He prepared from gastric 
juice a very active substance, which he regarded as a very pure 
pepsin, and this on decomposition yielded, in addition to a sub- 
stance of an albuminous character, xanthic bases, but apparently 
no carbohydrate. 

Spitzer, too, claimed for a part, at least, of the oxydases of 
the animal body, the constitution of nucleo-proteids containing 
phosphorus and iron. 

Fbiedbnthal 2 next separated from the perfectly pure gastric 
juice of dogs, which was obtained by means of a fistula, only one 

^ Pekelharing, Z. physiol, Ch., xxii., 233. 

« Friedenthal, Arch./. Anal. u. Phya. {Ph. A.), 1900, 181. 
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albuminous substance, whicb he precipitated from an acid solu-» 
tion. This yielded xanthic bases on decomposition "with 
concentrated hydrochloric acid, gave the colour reaction of 
pentoses, and contained phosphorus and iron. He could obtain 
this substance by ** salting out " with ammonium sulphate from 
commercial preparations of pepsin as readily as from this gastric 
juice. He came to the conclusion that it was a substance of a 
nucleo-proteid character with a very complicated structure. 

He obtained similar preparations from commercial diagUue by 
salting them out with common salt from a solution slightly 
acidified with acetic acid ; but, unlike Wröblewski, he found no 
other albuminous bodies. Trypsin (Riedel) and papayotin 
(Riedel) also yielded, when subjected to the same treatment, 
nucleo-proteids, which Friedenthal regarded as the actual 
ferments. It should, however, be noted that his diastase 
preparation yielded only 0*76 per cent, of nudeo-proteid. More- 
over, since he refused to allow to Wröblewski's Arahan (cf. 
under Diastase) any considerable share in the composition of the 
diastase preparations, aud yet could find no other albuminous 
substance in it, the question naturally occurs : Of what did the 
remaining approximately 99 per cent, of the dry preparation 
consist? Surely the residue unaccounted for could not have 
consisted excltisindy of ash or glucose, which he undoubtedly 
found in large quantity in the preparation. We are as yet far 
from a definite solution of the problem of the nature of ferments, 
as indeed Friedenthal himself admits in concluding his interest- 
ing investigation. Moraczbwski ^ regards the enzymes as 
''decomposition products of the substances on which they act 
specifically," and believes that a fundamental importance may 
be ascribed to the calcium salts which they contain ; what he 
exactly means is not quite clear to me ; he himself admits that 
he has no proof in support of his views. 

The great difficulty of isolating fermentative substances, and 
the peculiar nature of their actions, but specially the great 
significance which they have for the vital process, have led 
certain investigators to the opinion that ferments stand 
materially in a very much closer relationship to the protoplasm 
than is commonly accepted. The majority express themselves 
not less cautiously than vaguely that there are in ferments 
"fragments of protoplasm" endowed with ''residues of vital 
force," or the like.^ But nothing can be made of such expres- 

1 Moraczewski, Pflüg, A., Ixix., 32, 1898. 

'Armand Gautier, quoted by Efiront, Les DinHtutSy loc. cit. The 
original waa not accessible to me. 
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noiifl, which convey absolutely no idea, and which are completely 
removed from an experimental basis, since they evade all 
criticiam. As a heuristic principle they lead to nothing. 
Armand Gautier has followed up this remarkable view with 
the inference that not only are the *' residues " of vital forces to> 
be assigned to ferments, but a considerable proportion of those 
forces, since he ascribes to them fundamental phenomena of the 
cells — viz., assimilation and reproduction. He thus to a certain 
extent regards ferments as dissolved cells. This hypothesis, 
which is based on a single experiment, is opposed, to all that has 
been found by tedious experimental work with reference to the 
differences in the results of external influence on living cells and 
ferments. Unless Gautier still has very important facts in 
support of his view in petto, we must certainly put it aside as a 
curiosity ; it is evident, however, whither a logical development 
of the idea of '* protoplasmic fragments " leads. It offers, of 
course, a mode of representation which, although not specially 
belonging to our subject, leaves open the possibility that there 
may cbctuaUy be dissolved cells — t.e., vital forces in unorganised 
media. I allude to the mosaic disease of the tobacco plant 
discovered by Beyerinck,i which is undoubtedly a contagious 
affection, notwithstanding the fact that Beyerinck could not 
discover any micro-organisms as its cause, and which, according 
to his view, is communicated by means of a contagium vivuniy a 
contagion which can be precipitated by alcohol without losing 
its activity. It seems, however, from this that we are dealing 
with an irUoocication rather than an infection. The whole subject 
is still very obscure. 

Some observers, indeed, have found micro-organisms, and, on 
the other hand, these may have escaped detection by reason of 
their .extraordinary minuteness or other characteristics. 

Indeed, we do not even know the cause of such undoubtedly 
contagious diseases as scarlet fever, smallpox, and syphilis. It 
is certainly striking that all these hypothetical, extremely small 
micro-organisms absolutely refuse to develop on any known 
culture-medium. The possibility is not out of the question that, 
by reason of such " liquid contagia," which are possibly also the 
cause of the human diseases mentioned above, our conception of 
the " cell " may undergo such a radical change as to admit that 
vital forces can actually act in unorganised media ; and in such 
a case Gau tier's view would be justified. But not until then can 
it be subjected to serious criticism as a whole. But in any case, 
having regard to the possibility of such dissolved vital centres, it 
1 Beyerinck, C.f. Bakt. (ii.), 1899, 27. 
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is incomparably more important than the untenable talk of the 
** residues " of vital forces. Ferments are either vital or they are 
not. l^o compromise is possible. In the meantime, however, 
we must adhere to their sepaFability from life. 

We must next consider the conception that ferments in 
general are not material substances, but only properties of 
substances — an idea which has been supported in a very in- 
genious fashion by Arthus.^ After showing irrefutably that 
attempts to prepare in a pure state, and to chemically individu- 
alise, ferments have not led to any conclusive result, he draws a 
parallel between simple physical forces and enzymes. Just as 
light, heat, electricity, &c., were at first regarded as substances, 
so it has been with ferments, and he expresses the hope that 
like them, as our knowledge advances, ferments will be erased 
from the list of material substances and be classified with the 
imponderable forces. 

He argues with complete justification that material properties 
ascribed to the ferments can also be assigned to forces; he 
then shows that just as heat destroys the activity of ferments, 
so too, although at a higher temperature, it destroys magnetism, 
and so on. 

It is very difficult to follow to its conclusions this idea of the 
immateriality of ferments ; still more difficult to oppose it with 
arguments of exact science. For here we are dealing with a 
difference of opinion, which, in reality, is only apparent, and 
disappears when regarded from the theoretical standpoint of 
view. 

If we take our stand on the basis of the dynamic concep- 
tion of the universe, which altogether denies objective reality to 
matter and is exclusively concerned with the relationship of 
forces, this conception of the ferments is readily intelligible ; 
where universal matter consists only of centres of energy, there 
is no room for a material conception of ferments. 

The question now arises as to how far this method of con- 
sidering the question within the dualistic point of view can 
lead to any results. 

In this view, matter is only a metaphysical postulate ; what- 
ever properties of matter come subjectively to our consciousness 
by the aid of our senses are, without exception, perceptions of 
the energetic rays of matter, in accordance with which we 
formulate our theories. 

We cannot even conceive of the action of light, heat, or 
electricity, otherwise than by representing them to ourselves as 
^ Arthus, Zm Nature des Enzymes, Th^. Paris, 1896. 
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effective forces in material substrata. We conceive heat as the 
vibrations of material molecules, sound as vibrations of the air ; 
even in the case of light and electricity we have created an 
imaginary something — the hypothetical ether. In this sense, 
too, we cannot conceive of ferments as apart from some form or 
other of material substratum. If we follow this conception 
further, we arrive at a comparison with those phenomena which 
come nearest to the fermentative actions — the manifestations of 
cliemical energy. It is stran$re that Arthus has not devoted 
more attention to the relationship of fermentative actions to 
simple chemical processes from a theoretical point of view. 
Chemical force stands in the most intimate connection with 
other forms of energy, with which it can exchange itself in a 
variety of ways. Where chemical energy (state of tension) is 
formed, other forms of energy (light and heat) disappear, and 
where chemical tension is resolved other forms of energy are set 
free, and yet, especially as a means of considering it, it is 
entirely bound up with a material substratum. When, for 
example, we speak of sulphuric acid, which we would surely 
regard as a material substance, in reality we never speak of 
anything but the dynamic relations of this chemical substratum. 
We know that Ihis substratum has a special taste — emission of 
a characteristic form of energy on to the perceptive organs of 
taste — that it combines with bases, expels other acids from their 
salts, &c. : all dynamic conceptions which are nevertheless 
for our method of thought firmly bound up with the material 
conception — sulphuric acid. A sulphuric acid reaction without 
sulphuric acid is empirically inconceivable to us. And we 
know further that the substratum of energy which we term 
sulphuric acid has the power of producing phenomena, which 
other similar substrata of energy are unable to bring about. And, 
therefore, we assume for this dynamic individuality a material 
individuality also, and name this material substratum, in empirical 
contradistinction to all other material substrata, "sulphuric acid." 
The case of enzymes, ferments, is analogous. Assuming that 
there were an absolutely pure pepsin freed from all foreign 
substances, we could only individualise this material substratum 
by the fact that we found in it specific emissions of energy 
peculiar to it alone, such as, for example, the capacity of causing 
the decomposition of albuminous substances. We should then, 
&8 in the case of sulphuric acid, draw the conclusion of a 
material individuality from these specific manifestations of 
energy, and should describe this substance empirically as a 
chemical individual — as material pepsin. 
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We can thus form a conception of a ferment as an active 
principle as readily as of simple sulphuric acid; there is no 
ground for also empirically separating this special dynamic 
activity from the notion of matter, as theoretically it must be 
separated ; such a conception would merely lead to a confusion 
of our crude mental idea of a chemical sitbstance with the meta- 
physical relation between matter and energy. 

Even as a heuristic principle, apart from its metaphysical 
untenability, this method of considering the subject will not 
lead OS further. The question assumes a somewhat different 
form when we regard the problem from a purely empirical point 
of view. It is then no longer: Are ferments substances or 
properties of substances ? but becomes : Are the material sub- 
strata, to which we believe the fermentative activities to be 
attached, definite ''chemical substances'' for each individual 
ferment, or can this form of energy serve as a substratum for 
different kinds of substances ? 

This question will presumably be experimentally answered. 
In the meantime certain considerations can be brought forward, 
which, a priori, make it probable that ferments, materially con- 
sidered, are really substances. When, for example, we assume 
that diastase is bound up with an albuminous substance, it 
follows that, since this albuminous substance manifests the pro- 
perty of dissolving starch in addition to the ordinary proteid 
reactions, it differs in some way materially from other albu- 
minous substances which do not possess this capacity. It is, 
therefore, also materially a chemical individual, for the same 
reason that we separate from one another as chemical individuals 
two kinds of sugar of otherwise similar nature, which show 
totally different rotations of polarised light, although they are 
only distinguished by a purely physical property. Just as we 
assume that such differences are the result of atomic groupings 
of a particular kind, so, too, we must attribute the powers of 
ferments to definite atomistic or, speaking from an empirical 
standpoint, materialistic relations. This view receives support, 
above all, from the specific nature of the actions of ferments. 
Just as we base the chemical individuality of sulphuric acid on 
specific reactions, so, too, we are justified in the case of ferments 
in drawing the conclusion of specific material substrata from 
specific reactions. Whether, now, these are perfectly uniform, 
whether there is only one single chemical diastase, &c., or 
whether the starch-solvent action is a group reagent, and that 
there may be a whole series of diastases (which, by the way, is 
not improbable) is a matter of indifference for the argument. 
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That we have not here to deal with free wandering quantities of 
energy is shown empirically hj the fact that, just as sound is 
onlj distrihuted in its suhstratum, the air, so, too, the actions of 
ferments never exceed the space limits of their material sphere. 

Physiological considerations also support the view of the 
materiality of ferments, and, in particular, the fact that enzymes 
are true secretions, which are specially formed when the organism 
requires them (W« infra). It is very difficult to explain this 
fact in any other way than that physiologically required sub- 
stances are here separated. And why does the energy of yeast 
invertase not pass into water until the yeast cell has been 
killed ? All these questions can scarcely be answered from the 
point of view to which we are referring any more than the 
questions of ferment immunity and anti-ferments. The sup- 
porters of this view almost invariably draw a comparison with 
the magnet, the magnetism of which confers on it no specific 
material impress, but is only attached to it as a physical 
property. 

Here, however, the case undoubtedly differs from that of the 
ferments. By suitable means this property can be taken from 
the magnet and again restored to it. But how can that be done 
with any ferment? There is no method of restoring its specific 
activity to a fermentative material which has once become 
inactive, when the ferment has actually been destroyed. More- 
over, magnetism extends its influence only to intact molecules, 
but has not the power of forcing its way into the structure of 
individual molecules and causing disruption of the atoms. We 
must then, in considering the actions of ferments, always keep 
our mind fixed on the closely-related chemical energy. And as 
with the latter the specific action gives us the basis for a 
material individualisation, so, too, it is with ferments. We 
have every reason to assume that the specific activity is to be 
attributed to a specific material construction, to a particular 
grouping of the atoms. We shall deal more fully with this 
question later on. 

We see, then, how confused is the whole question of the im- 
materiality of ferments ; theoretically it is untenable ; but even 
considered from a purely empirical point of view it leads us not 
a step further. At the best it could only have the unfortunate 
result of causing strenuous attempts to isolate the material sub- 
strata of fermentative activities as chemical individuals to be 
abandoned. 

We ought to avoid as far as possible, on practical grounds, 
building on such an insecure experimental foundation a theor; 
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which cannot lead to anything as a heuristic principle, such 
as, in fact, the purely dynamic theory of ferments cannot be, 
bat which, on the contrary, would always discourage us from 
new experimental investigations. This view is only supported 
by the fact that no ferment is yet known in a pure condition ; 
it is therefore at present impossible to specify other character- 
istic properties in addition to their actions^ and this is the reason 
why the substratum is lost sight of more than the activity. We 
must, however, hold fast to the notion that ferments are really 
chemical substances, whether of an albuminous or other nature. 
They are still, in every instance, unknown to us with certainty. 
We see ourselves compelled to leave the subject of " The 
Chemical Nature of Ferments " with still many notes of inter- 
rogation. 

Of the other properties of ferments there is also little to 
be said. They are soluble in water and aqueous solutions of 
glycerin, and also in neutral solutions of salts, dilute alkalies, 
and acids. 

They are precipitated, though not completely, by alcohol. 
According to Dastre,^ trypsin is soluble in alcohol of 40 per 
cent, strength; and pancreas diasUise in that of 60 per cent. 
According to de Jaoer,^ saliva diastase is soluble in alcohol 
(including absolute alcohol ?), and pepsin^ according to Bardet,' 
has the same property. 

They are, moreover, as a rule, simultaneously carried down 
when precipitates, such as, for example, of calcium pliosphate 
or iron, are produced in their solutions. Certain colour re- 
actions which they are said to give, such as, e.g., the different 
colorations with orcin and sulphuric acid (Wiesneb* and 
others), as also their power of turning guaiacum tincture blue, 
are probably not reactions of the ferments themselves, but due 
to impurities. 

In addition to this, we have, hitherto, only been able to 
study the influence of various physical and chemical agents on 
ferments with reference to the changes effected in their activity. 

Dialysibility of Enzymes. — From the results of various in- 
vestigations it appears that ferments only possess a slight 
degree of diffusibility. 

iDastre, C.R. Soc. Biol., 1895, 414. Arch. d. Phys. [5], viii., 120, 
1896 (Bibliography). 

2de Jager, Vtrch. Arch., cxxi., 183, 1890. 

«Bardet, Btdl d. la Soc. d. Therap., xviii., 13, 1887, quoted by Dastre, 
loc. cit. 

^Wiesner, Sitzb. Wiener Acad., xcii., 1. (See also under />MW/€Ueaiid 
Emuisin. ) 
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It varies in degree, however, with different individuals, and 
also depends on the kind of inernbrane used. According to 
Fermi and Pernossi,^ for example, pepsin passes through 
De la Rue's paper, but not through good parchment. 

According to the same authorities the majority of ferments 
pass through a porcelain filter. 

With regard to vegetable rennet, Lea^ states that like the 
animal enzyme it is retained by a kaolin filter. Cuodjujew^ 
comes to the conclusion that although ferments are capable of 
dialysis, they dialyze exceedingly slowly. This property (which 
is best utilised with a porcelain filter) affords a means of separ- 
ating enzymic activities from the vital forces of living cells, and 
is frequently used for that purpose, in addition to the more 
certain method of poisoning the cells (vide infra), 

1 Fermi and Pemossi, Z.f. Hyq„ xviii., 106, 1894. 
"Lea, Proceed, Roy, Soc. London^ xxxvi., 65, Nov., 1893. 
'Cbodjujew, Arch, d, Phys., 1898, 241 (Bibliography). 
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CHAPTER IV. 

THE INFLUENCE OF EXTERNAL FACTORS ON THE 
ACTIONS OF FERMENTS. 

Ferments are affected in the most different ways by physical 
and chemical agents. Unorganised ferments differ considerably 
in their behaviour towards these influences ; they are more or 
less resistant, the most sensitive towards all influences being 
Buchner's zymase (vide infra). 

According to Pozerski,^ yeast, diastase, invertase, inulinase, 
pepsin, and trypsin can be cooled to - 191* O. without injury. 

Organised ferments are much more easily iüjured when 
associated with the protoplasm of their mother cell. Dastee^ 
has drawn up a scheme of these influences. He classifies them 
into four groups ; — 

1. Zymoplastic momenta ' are those which convert zymogenes 
(proferments) into active ferments ; dilute acids, for instance, act 
as such. 

2. ZyTno-stimulaiing or zymchdynamic (Arthüs) agents are 
those which promote or accelerate the activity ; heat^ in particu- 
lar, acts as such, as also dilute acids, and certain neutral salts; 
in some cases, too, dilute alkalies (trypsin) and carbon dioxide 
{rennet). 

3. The zymo-frenateurs (Arthus). — These have an injurious 
effect on the action of ferments. "When they entirely prevent the 
activity without destroying the ferments Arthus terms them 
zyminhihiteurs. Such are, notably, cold and alkalies, as well as 
all chemical reagents when they reach a certain concentration. 

4. ZymolysiSy which involves a complete disruption of the 
ferment. To this class belong, in particular, a high temperature 
of the solution, strong acids, &c. 

Action of Physical Agents on Enzymes. — One of the most 
prominent properties of all enzymes, which, theoretically, is of 

1 C i?. de la Soc. Bid., 1900, Hi., 714. 

2 Dastre, C. B. Soc. Bid., 1897, 469. 

3 This designation is decidedly preferable to the " agent zymog^nique " 
of Arthiifl {Nature des EmymeSy 1896, 13). 
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the greatest interest, is their sensitiveness towards high tem- 
peratures when they are in a state of soltUion. All enzymes 
exhibit an optimum of activity between 35° and 45"* 0.; at 
lower temperatures their activity rapidly diminishes, becoming 
insignificant at 0° C. ; at higher temperatures a rapid decompoei- 
tion of the ferment invariably sets in. Whilst dry ferments can 
be strongly heated, many of them far above 100"* C, without 
their activity suffering (Hufner,^ Salkowski^), they are, 
without exception, destroyed in an aqueous solution at about 
70** 0. In other solvents, notably in amyl alcohol, they are said 
to be more stable.^ According to Pavy,^ pancreas diastase and 
liver diastase can withstand boiling in absolute alcohol. The 
individual death temperatures of the different ferments vary 
within fairly narrow limits, and the statements on the exact 
points are therefore frequently at variance, the more so since 
this temperature is influenced to an extraordinary degree by the 
presence of foreign substances. The action is uot a sudden one, 
but there is a gradual toeakening which finally ends in " death.** 
As a rule, the thermal death point is higlier when the ferment is 
heated in admixture with its substratum, as, for example, diastase 
with starch paste, kc. 

According to d'Arsonval,^ very low temperatures — down to 
- 50° C. — have no action upon enzymes 3 at — lOO** 0. invertase 
becomes inactive, but not yeast. 

SufdiglU, too, rapidly destroys enzymes in aqueous solutions, 
but not when they are in a dry condition or dissolved in 
indifferent liquids.^ 

The action of sunlight upon diastase has also been thoroughly 
investigated by Green ^ (see Diastase), 

Action of Acids and Bases. — On this subject we possess an 
immense amount of literature, which, in its msdn features, will 
be dealt with in discussing the individual ferments. 

The only point which has been established beyond doubt is 
the destruction ofMfermewts by mineral acids and alkalies when 
strongly concentrated. 

Moreover, it appears certain that very dilute acids stimulate 
all ferments to energetic activity. Alkalies, even when con- 
siderably diluted, only appear to be beneficial to trypsin and 

1 Hüfner, /. pr, Ch. (New Series), v., 372. 

'»SalkowBki, Virch. A,, Ixx., 168. 

' Fermi and Pemossi, Ztachr,/, Hyg,, xviii., 83, 1894. 

* Pavy, Joum. of Physiol., xxii., 396, 1898. 

» D'Arsonval, C Ä. Soc, Biol,, xliv., 808, 1892. 

• Green, Philos, TrofMoct., cbcxxviii., 167, 1897. 
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similar ferments ; the remainder are, for the most part, injured 
by them. 

The degree of the action of individual acids and of different 
degrees of concentration on individual ferments is so variable, 
and the statements on the subject so contradictory, that it 
appears impossible to draw general conclusions from them. 
Generally speaking, organic acids appear to act less energetically 
than mineral acids. As regards carbonic add, the statements 
are particularly at variance.^ 

Action of Neutral Salts on Ferments. — Investigations on this 
point have been made in great number,^ of which particulars 
will be found under the individual ferments. 

Exceedingly little has resulted from all these isolated inves- 
tigations, which are hardly capable of being summarised. 

Salts appear to act much less in accordance with physico- 
chemical laws, depending in some way on the molecular con- 
centration, than in accordance with specific chemical views. 
Only in this way can the great difference in the behaviour of 
different salts towards the same ferments, and of the same salt 
towards different ferments at equal degrees of concentration, be 
explained. 

Moreover, the concentration of the substance undergoing 
fermentation appears to have an influence, to which conclusion 
we are led by the observations of, 0.^., Kübel,^ who found that 
the influence of common salt on saliva diastase varied with the 
concentration of the starch paste. 

In general, dilute salt-solutions have a stimulating effect 
upon fermentative processes ; above a certain degree of concen- 
tration, a retarding influence is exerted more and more, and 
finally a stage is reached at which the process comes to a stand- 
still. 

The influence of the salts of heavy metals has also been inves- 
tigated, and in like manner found to be very variable. 

Borax is stated by Dumas ^ to have a restrictive effect on all 
the ferments examined by him, but it is said not to hinder 
alcoholic fermentation (Schützenberger).^ 

Attempts have been made in various ways to discover the 
laws underlying this influence. An idea of Nasse's^ that salts 
acted injuriously upon ferments in proportion to their dehy* 

* See especially Schiorbeck, Seand. A,f. Phya., iii., 344, 

' The most comprehensive are those 01 Fermi and Pemossi, Z. f Hyg,^ 
xviii., 96, 1894. 

» Kübel, Pflüg, A,, Ixxvi., 276. < Diimas, Compt, Rend,, Ixxv., 295» 

* Schützenberger, he. cU., 246, • Nasse, Pflüg, A,, xi., 145, 1875. 
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drating potoer, which found its expression in a diminished 
Tapour tension, was found by Nasse hiaiself to be irreconcile- 
able with the facts. 

On the other liand, the notion was expressed in various 
directions that the ferments must enter into definite combina- 
tion with the salts to form more or less stable compounds, but 
for this closely-allied view also no proofs were given. 

Inflnence of Protoplasm-Poisons. — Whilst the vital activity 
of microorganisms is crippled by many kinds of poison, the 
enzymes on the other hand are relatively insusceptible. It was 
thus a great advance when we learnt how to eliminate the 
activity of micro-organisms (especially of those of putrefaction) 
in order to distinguish the pure eiizymic action in experiments 
on fermentation. 

The principal substances used for this purpose are : — Alcohol, 
ether, ethereal oils (Bouchardat^), salicylic acid (Kolbe^), 
thymol (Lewin ^), chloroform (Müntz,* Salkowski^), toluene 
(E. FiscuKR ^), sodium fluoride (Tappeiner,^ Arthus and 
HuberS), calomel (VVassiliepf®), mercuric chloride^® and sodium 
azoimide (Loew^^). 

There nre, however, numerous observations extant which 
show that these poisons do not leave the enzymes entirely 
uninfluenced,^^ but have an injurious eff*ect, though not a very 
pronounced one, on their activity ; this holds good, especially 
in the case of salicylic acid,^^ phenoH^ (Plugoe^*), thymol,^^ 
and chloroform,^® as also for sodium fluoride (Pavy^^), whilst 
toluene appears to have the least influence. 

Alcohol, which was formerly extensively employed to exclude 
undesirable micro-organisms, usually also acts injuriously on. 

* Bouchardat, Ann, d. Chim, et Phys. (3), xiv., 61. 

* Kolbe and his pupils, J. pr. Ch., New Series, x., xi., xii. 

» Lewin, C. med. Wiss., 1875, 324. * Müntz, C.i?., Ixxx., 1250, 1875. 

» Salkowski. D. rned, Wock., 1888, 16. 
. • E. bischer and others, Z, physid, Ch., xx\'i., 75, 1898. 

7 Tappeiner, A.f. exp. Path., xxvii., 108, 1890. 

"Arthus and Huber, A, dephysiol. [5], iv., 651, 1892. 

» Wassilioff, Z. physiol. Ch,, vi., 112, 1882. 

" Mrotschkowsky, Uiiorgania, Ferm. Diss. Petersb., 1S91, quoted by 
Kionka, D, med. Woch., 1896, 612. Cf. Fermi, Arch./, Hyg., xii., 238. 
" Loew, Btr. d. d, chem. Ge^elia, xxiv., 2947, 1891. 
" Treyer, Arch. d. phya., 1898, 672. 
^3 Müller,' ./ottm. pr. Ch., x. (New Series), 444. 
"Plugge, Pflüg. Arch., v., 649. 

** Among others Schiitzenberffer, Virch, A., cxxv., 340. 
^« Among others Puffliese, Pflüg, A., Ixix., 115, 1898. 
" Pavy, Joum. of Physiol., xxii., 391, 1898. 
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enzymes, apparently least so on pepsin (Buchnbr^), but more 
energetically on diastase (Watson 2) and inwrtase (A. Mateb'). 
It destroys moLtase very rapidly (E. Fischer*), yet only in the 
presence of water (Hill^). Hydrocyanic acid interferes but 
little or not at all with the activity of ferments, but destroys 
their power of decomposing hydrogen peroxide (Fiechteb®), as is 
also the case with cyanamide, acetonitrUe, and hydroxylamvne 
(Jacobson 7). A simple current of air, however, is sufficient to 
expel the hydrocyanic acid and restore this power. A kind of 
loose combination appears to be formed here. We have already 
mentioned that formaldehyde renders ferments inactive and 
that LoBW infers the presence of amido-groups from this fact. 

A Ikahids act in the most diverse manner, in some cases stimu- 
lating the activity and in others checking it (e.^., Nasse,* 
ScHU ltz-Schu ltz enstein Ö). 

Tannin checks the actipn (ScHU ltz-Sch ultzenstein ®). Phenol 
is stated by Zapolski ^^ to have an injurious effect upon pepsin, 
but not upon diastase. Detmer,^^ however, proves that it also 
injures diastase. 

Nasse and his pupils have studied the simultaneous influence 
of factors working in opposite directions upon ferments. They 
have found that there is a genuine antagonism: when an enzyme 
is subjected to the simultaneous influence of a stimulating and 
retarding medium, the final resulting action is equal to the 
arithmetical mean of both actions. 

Similar experiments have been tried, e.g.^ by Baum ^^ on if^ 
vertage. Potassium chloride acts to an appreciable extent as a 
stimulant, whilst ammonium chloride checks the action. Quinine 
«nd curare are in like manner antagonistic. The simultaneous 
influence of these substances on the ferments has the result 
described above. Nasse ^^ has made use of these experiments in 
investigating the influence of poisons and antidotes on living 
cells. 

^ Büchner, Arch./, Hin. Med., xxix., 537. 

2 Watson, Joum. Chem. Soc., xxxv., 639, 1879. 

' A. Mayer, Enzymologie, Heidelb., 1882, 13. 

* E. Fischer, Z.pJiysiol. Ch,, xxvi., 74, 1898. 

Ö Hill, Joum, Chem. Soc., Ixxiii., 634, 1898. 

« Fiechter, Wirk. d. Blaus, auf. Fermenle, Diss. Basle, 1876. 

7 Jacobson, Z. phyaiol. Ch,, xvi., 367, 1892. 

8 Nasse, Pflüg. A., xi., 169, 1876. 

^ Schultz-Schultzenstein, Z. physid. Ch., xviii., 131, 1894. 
^^ Zapolski, Hoppe-Seyler's Medic, chem, Unters., iv. 
" Detmer, Z. phyeiol. Ch., vii., 1, 1882. 
^3 Baum, Antagonismus, Inaug.-Diss. Rostock, 1892. 
» Nasse, Maly's Jb., 1892, 584. 
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INFLUENCE OF EXTERNAL AGENTS ON FERMENTS, 43 

Action of the Decompositioii- Products of Fennents on their 
Activity. — As a rule, ferments do not appear to be interfered 
with to any considerable extent by the decomposition-products, 
which they form in the course of their activity. 

An exception to this rule must naturally be made in the case 
of very sensitive ferments intimately connected with the cells 
which produced them, which are destroyed by the poisons 
formed in their action. Thus the action of yeast upon glucose 
is finally crippled when a certain concentration of the alcohol 
produced is reached. 

If the substauces produced are acidsj as is naturally the case 
in cicetic and lactic acid fermentationsy this interference with the 
activity of the enzyme is still more easy to understand, even 
when, as in the acetic fermentation, adaptation is the result of 
great habituation to the acids. 

On the other hand, the action of diastase, for example, is not 
checked by the accumulation of sugar. ^ 

Peptones^ on the contrary, appear to act as stimulants not 
only to the proteolytic ferments^ but also to others^; this is 
opposed to the conclusion of Kühne, who has ascribed a 
restraining influence to the peptones. 

Tamman,' on the other hand, has proved that emulsin is 
extremely susceptible to injury from its own decomposition 
products ; this being shown by the facts that not only was the 
activity of the ferment checked by the artificial addition of these 
substances, but also that it became more vigorous on the removal 
of the products naturally formed. When he added to a mixture 
of amygdalin and emulsin one of the decomposition-products, 
the decomposition was retarded, hydrocyanic acid being the 
most active in this respect, benzaldehyde less so, and glucose the 
least. But even the last-named substance had a more pro- 
nounced action than ether or alcohol. Unfortunately he made 
no experiments with substances of a similar nature to benzalde- 
hyde, but not specific decomposition-products; it is quite possible 
that he would have found similar retarding influences in the 
case of, say, nitrobenzaldehyde or the like. Alcohol and ether 
were, however, in any case, not suitable objects of comparison. 
He obtained analogous results in the case ofsalicin, Hill^ found 
gbicosB to have a restrictive influence on the action of maltose : 

^ See also Wortmann, Z, /. physiol, Ch., vi., 324. C/. however under 
IHastase, 

' Among others Chittenden and Ely, Joutm, of Physiol., iii., 327. 
» Tamman, Z.f, phyaiol. Ch., xvi., 291, 1892. 
* Hill, loc. cit. 
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and invert sugar was found by Müller-Thubgau ^ to interfere 
with the action of invertase. 

Action of Other Chemical Agents.— Paul Bert^ has stated that 
compressed oxygen injures the vital activity of micro-organisms 
without affecting enzymes. 

Recently the influence of gases on ferments has again been 
examined ; Nasse ^ found oxygen and carbon monoxide to have 
an injurious effect on invertase. In the case of hydrogen sulphide 
Fermi and Pbrnossi * were only able to establish an injurious 
effect on the gelatin-dissolving powers of certain bacteria, but 
not on the enzymes examined (pepsin, trypsin, diastase, and 
emidsin), 

A remarkable fact, which has, however, been confirmed on 
many sides, is that normal blood-serum has a restrictive influence, 
more or less pronounced according to circumstances, on the 
activity of ferments (Puoliese and Coggi,^ Hahn,<^ Cahus and 
Gley,7 Röden.8 

Reciprocal Influence of Ferments. — We have only scanty and, 
in part, contradictory information on this important question. 

Only one fact is definitely established — viz., that pepsin 
renders inactive almost all the other unorganised ferments («.(/., 
dicutase and particularly trypsin), but that conversely trypsin 
has not the slightest influence on pepsin. On the other hand, 
trypsin destroys Buchner's zymase, which is also destroyed by 
the proteolytic ferments of bacteria and of yeast itself. Pepsin, 
again, by itself, has no action upon lactic acid fermentation. In 
all these cases it is difficult to take into account the deleterious 
action of the hydrochloric acid itself, without which the pepsin 
will not act, so that it is impossible to draw any valid conclusion 
as to the albuminous nature of enzymes from their decomposition 
by pepsin, even when this decomposition is not disputed, as in 
the case of diastase. 

- Behavionr of Ferments towards Hydrogen Peroxide. — As a 
result of the view that the actions of ferments were very closely 
allied to those of simple inorganic catalysing agents, the belief 
also arose that the property, common to all active solutions of 
ferments, of decomposing hydrogen peroxide in this way was a 
typical catalytic reaction of all ferments, and was to be regarded 

> MüUer-Thurgau, ThiePs LandwiHhsch. Jahrb.^ 1885, 795. 

« Bert, C.JR., lxxx.,1579. » Nasse, Pflüg. Arch, xv., 471. 

• Fermi and Peraoesi, Zeitsehr.f. Hyg., xviii., 92, 1894. 
' Pugliese and Coggi, Maly's Jb., 1897, 832. 

• Hahn, Berl. Hin. Woch., 1897. 499. 

' Camus and Gley, C.B. Soc. hid., xlix., 825, 1897. 

• Rüden, Mody'nJb., xvii., 160, 1887. 
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as an integral part of their activity. Str3ss was laid upon this 
by Schönbein ^ in particular; Nasse ^ then examined the influ- 
ence of foreign substances on this property with the intention of 
investigating the action of the ferment itself in an indirect way. 

This decomposition of hydrogen peroxide is recognised by 
the liberated oxygen causing an alcolujlic solution of guaiacum 
to turn blue. We shall deal with this guaiacum reaction on 
several future occasions. 

Jacobson' vigorously attacked the view which had been 
generally accepted up to , that time, and was able to show that 
a complete parallelism between genuine fermentative activity 
and the decomposition of hydrogen peroxide in the above 
sense did not exist. On the contray/he could effect a sepa- 
ration of catalytic force from fermentative force in three ways. 

Emulsin lost its catalytic power completely at 72** C, and an 
infunon ofpavicrecLS at 62** C, whilst their fermentative powers 
remained intact, or at least partially so, at those temperatures. 

Similar differences were observed on heating the dried fer- 
ments to 130" C. and 120' C. respectively. The catalytic force 
could be removed by an addition of hydrogen peroxide without 
the fermentative power being destroyed. 

In like manner, '< salting-out " the ferments with sodium sul- 
phate proved a third means of causing the loss of the catalytic 
force without destroying the specific decomposing power. 

Moreover, farther differences appeared. Whereas, as is well 
known, small quantities of acids promote the fermentative 
activity, and alkalies interfere, the reverse is the case with 
the catalytic power ; even insi<;nificant amounts of acid retard 
and destroy it, whilst very dilute alkali at first promotes its 
action, although indeed in stronger concentration it, too, has a 
restrictive influence. 

SdltSf almost without exception, retard the liberation of 
oxygen, though to a very variable extent. In the case of 
pancrecu ferment potassium sulphate in a 4 per cent, solution 
promotes the liberation of oxygen ; the influence of other salts 
is weaker. 

With sodium phosphate and some few other salts, an ac- 
celeration can be recognised. Potassium sulphoeyanide has a 
very strong retarding influence. 

Most characteristic of all is the action of hydrocyanic acidf 
which inhibits the decomposition of hydrogen peroxide alto- 
gether, or to a very great extent, without affecting the action 

» Schöbbem, J. pr. Ch., Ixxxix., 334. « Nasse, Pflüg, A., xi., 159, 1875. 
. * Jaoobeon, Z. / phyaiol, C%., zvi., 340, 1892. 
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46 FERMENTS AND THEIR ACTIONS. 

of the ferment. A similar result is produced by cyafuimuie, 
acetonitriUf and hydroxylamine. 

It follows from this that the decomposition of hydrogen 
peroxide is not a function inseparably associated with ferments, 
but can be separated from their fermentative activity. It is 
impossible to say whether foreign substances are here present, 
or whether the material substrata of the ferments themselves 
possess atomic groups, to which this capacity is attached. 

Notwithstanding this, Grüss/ at the present time, has claimed 
the properties of '< oxydases" for the diastases of higher plants 
— ue,, attributed the guaiacum reaction with hydrogen peroxide 
to the diastase itself. 

Very interesting analogies have been drawn by Brbdio and 
MÜLLER VON Berneck *^ between this special catalytic action of 
ferments and the decomposition of hydrogen peroxide effected 
by colloidal platinum in an aqueous or slightly acid solution. 
In this case, too, slight traces of platinum (1 gr. — atom in 
several million litres of water) act very energetically on much 
greater quantities of hydrogen peroxide. 

Far-reaching analogies with the catalytic force of ferments have 
also been pointed out with regard to the influence of temperature 
on the velocity of the rejection, and the retarding effect of certain 
salts, (fee. Particularly striking, however, is the fact that the 
specially injurious effect of hydrocyanic acid, as also of hydrogen 
stdphide and mercuric chloride, was also observed in the case of 
colloidal platinum ; for even on the addition of hydrocyanic acid 
proportion of 3 : 1,000,000, the catalytic force decreased to 
one-half. 

However, just as we have seen that the catalytic force can be 
separated from the specific fermentative actions, so, too, in the 
following chapter we shall have an opportunity of showing that 
in a corresponding manner the physico-chemical investigations 
o£ /ermentative actions have led to the conclusion that they do 
not follow the laws of simple catalysis, but show characteristic 
differences. Thus, when Bredig and Müller describe their col- 
loidal platinum as an inorganic ferment, the term is not entirely 
free from objection, apart from the fact that we must oppose it 
fundamentally, since, according to our definition, we describe 
ferments as the products of living cells. But even with reference 
to their action we must separate catalytic force, which, according 
to OsTWALD, is only an acceleration of simple chemical reactions^ 
from the specific actions of ferments. 

1 Gruss, Ber. d. hotan. Oea,, 1898. 

^ Bredig and Müller von Bemeck, Zeitftchr.f. physikal. Ch,, xzxi., 258» 
1899. Quoted by Bredig in the Nat. Bdsch,, 1900. ^ , 
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CHAPTER V. 

THE MODE OF ACTION OF FEBMENTS. 

As we have already briefly pointed out, we can divide the 
chemical actions of ferments into two main groups. The purely 
kydrolytic decomposilions are brought about by a molecule of 
complicated structure breaking up into simpler decomposition- 
products, with an accompanying absorption of the elements of 
water. These decompositions take place in a manner analogous 
to those produced by hydrolysis by means of acids or alkalies, 
and Hoppe-SetlerI has therefore classified the hydrolytic 
fermentative actions together. 

The hydrolytic fermentations which are analogous to the 
decomposition effected by acids are as follows : — 

A. The Disruption of Carbohydrates, 

1. The decomposition of starches into dextrins and maltose by 
the diastatic ferments. 

2. The decomposition of other higher carbohydrates which 
has not been so thoroughly investigated — of cellulose by cytase, 
of inulin by inulase, of mannan and galactan by seminase^ of 
caftuhin by carubinasey and o£ pectins hj pectinase. 

3. The decomposition of maltose into two molecules of 
6?-glucose by maltose, 

4. The decomposition of cane sugar into one molecule of 
(i-glucose and one molecule of ^-fructose by invertase, 

6. The decomposition of trehalose, melibiose, and lactose by 
ferments which have as yet been but little investigated — 
trehalase, melibiase, and lactase. 

B. The Decomposition of Glucosides by special enzymes, in 
which one of the decomposition-products is (f-glucose. 

0. The Decomposition of Urea into Amm^onium Carbonate by 
Urase. 

D. Hie Decomposition of Albuminous Substances. 

1. Through the action of pepsin, substances of lower, though 
still high, molecular weight are produced — albumoses and 

' Hoppe-Seyler, Pflüg, A.; xii,, 1. 
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peptones — in the 8ame way as they are formed by tlie action of 
dtltUe acids on proUida. 

2. Trypsin effects the decomposition in an analogous manner 
to concentrated acids : crystalloid, relatively simple bodies are 
produced, principally ammonia, amido acids, and di-amido acids. 

3. Rennet brings about a decomposition of casein (which has 
as yet been insuificiently examined, but is probably also of a 
hydrolytic character), with the formation of a coagulated 
albuminous substance, paracasein, as is also possibly the case 
with fibrin ferment^ and the coagulation of pectinous substances 
by pectase. In both the latter cases, however, it is still very 
doubtful whether there is any fermentative action. A nalogous 
hydrolyses occur in the decompositions effected by alkalies. 

E. The Fat- Decomposing Enzymes which transform glycerin 
esters into fatty acids and glycerin. 

F. The Lctctic Acid Ferment which produces lactic acid from 
sugar. 

It is more difficult to follow the chemical action of oocidising 
ferments. 

Here, also, two groups can be formed : — 

I. Tfie Oxydases, which derive the necessary oxygen for the 
oxidation of their substratum /rom without, 

A. From the aimospherey which is the case — 

1. In the activity of true oxydases^ which act as a carrier of 
oxygen, as, for example, in the oxidation of salicylic aldeJiyde to 
salicylic acid, 

2. In the oxidation of ethyl alcohol by means of the acetic 
fermentation. 

B. From the decomposition of hydrogen peroxide, the oxygen 
of which is used for the oxidation. This is the case with the 
«o-called " indirect oxydases." 

II. Quite apart from all other enzymic processes stands the 
«nzyme of alcoholic fermentation, which can hardly be classed 
with the oxidising ferments, as the process is essentially 
represented by the equation, 

CeHjjO = 2C2H6 . OH + 2CO2. 

It is far more likely that we have here to deal with a process 
which is carried on without any addition of external oxygen, 
which is, to a certain extent, an intramolecular oxtdation^ in 
which, with an accompanying evolution of heat (i.e., an 
exothermic process), a fresh equilibrium is produced in such a 

> I have special reasons for not designating the filrin ferment more 
exactly. 
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MODE OF ACTION OF FKRMBMTS. 49 

manner that a part of the carbon in the molecale is completely 
oxidised (U the expense of the other part 

With this proviso, we can also regard zymase as an oxydase, 
although of an altogether special kind. 

In this way, then, we arrive at a relatively simple scheme of 
fermentative actions. The chemical differences which have been 
established between simple deeomposiUons and fermentations, 
with the object of basing a primary separation of enzymes from 
organised ferments upon them, do not appear to me, from a 
purely dynamic standpoint, to be sufficiently important to 
support this otherwise untenable proposition. It has, for 
instance, been brought forward as a specific process of alcoholic 
fermentation that, during its course, combinations between 
carbon and carbon, carbon and hydrogen, dec, must be broken 
up, whilst new combinations of carbon and oxygen are continu- 
ally produced. 

Hoppb-Setlbr,^ in particular, has devoted special attention 
to these chemical decompositions, and in his usual keen manner 
has followed the migrations of the oxygen atom and investigated 
their conditions. 

However, I still believe that the chief stress must be laid 
upon the question whether the process is endothermie — i,e,, 
attended with an absorption of energy — or exothermic, liberating 
energy in its course; the proximate conditions of this trans- 
formation are naturally very important in themselves and 
interesting to investigate, but — whether the oxygen atom travels 
more or less, or whether greater or smaller transmutations take 
place at the same time — a fermentative process can only be of 
an exothermic nature, and within these limits we need not make 
any far-reaching primary distinction between more of less com- 
plicated decompositions. On the other hand, such oxygen 
migrations, in Hoppe-Seyler's sense, naturally occur also in 
processes of which the total result is endothermie, and which 
thus belong to metabolism, so that we cannot count them among 
the fermentative processes. 

With reference, then, to the kind and manner of fermentative 
decomposition-processes, we have to conceive ferments' to be 
forces, which are endowed with the capacity of imparting to an 
unstable atomic system a shock, which shatters it at one spot, 
and induces decomposition in such a manner that this decom- 
position spreads throughout the whole substratum until a new 
condition of more stable equilibrium has been established. It is 
not altogether irrelevant to point out (if we may avail ourselves 
1 Hoppe-Seyler, Pflüg, ^., zii., i. 
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of KMgftli'k thoorj for the purpose) that atomic yibratioBS 
already existing may become so intensified by the energy 
imparted by synchronous vibrations in the molecules of the 
ferment, if we may regard it in such a crude mechanical fashion, 
ihat they exceed their normal rhythm, and thus bring about a 
disruption of the molecule. Still, at the same time, we must not 
lose sight of the fact that this ** explanation " only affords a very 
convenient mode of representing the nature of the process which 
we designate by a convenient generic term as catalytic or contact 
etction. Such catalytic processes include not only fermentations, 
but also numerous processes of an inorganic nature. For closely 
analogous reasons the actions of enzymes have frequently been 
placed on a par with those of mineral ccntact-suhstanceej as for 
example the oxidising action of finely-divided platinum or the 
hydrolytic action of very dilute acids. 

By explaining inorganic contact action it was hoped that a 
key to the understanding of fermentative processes would be 
found. HÜFNBB,^ for instance, has proposed a very ingenious 
theory of contact action. 

HUfner first forms a theory of the attracting forces between 
two di-atomic molecules of which each atom attracts not only 
the other atom of the molecule, but also each of the atoms of 
the other molecule, and assumes that so long as the intra- 
molecular forces of attraction outweigh the attractions of the 
foreign atoms, the molecules remain intact. He then constructs 
similar theories for the case of three molecules exerting simul- 
taneous influence on one another. Under such conditions a 
case is also possible in which the forces are so distributed that 
two of the three molecules are broken up whilst the third 
remains iiftact. 

He next considers the case of the decomposition of hydrogen 
peroxide by platinum black. 

The hydrogen and oxygen atoms of the first molecule vibrate 
within it around a certain system of equilibrium ; now each of 
these atoms is attracted by the platinum, but the oxygen atom 
more strongly than the hydrogen atom ; it is now conceivable 
that just at the time when an oxygen atom is furthest away 
from its hydrogen atom the attraction of the platinum becomes 
stronger than the cohesion of the molecule, so that the latter ia 
broken up. 

The reason why such processes induced by caialyeie are not 
also retrogressive, and why many transformations cannot com^ 

^ Hefner, J, pr. C%., new Beries, x., 885, 1874 ; cf, Loew, J. pr, C%., xi.» 
372, 1875. 
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mtoee at all irithont the assistance of catalysing agents, he 
ascribes to the restriction of the activity of chemical affinities to 
the most intimate contact and the rapid decrease in chemical 
attraction which accompanies the removal. 

Owing to the fact that the molecules of '< catalysing agents " 
are not broken up, but only "distended" in these processes, 
they possess this unlimited operative capacity. 

I cannot here go into the details of this very interesting work, 
which to a certain extent presents a geometrical conception of 
Naegeli's moleculo-physiccd theory, although at times it goes 
beyond it. Although Hüf neb has also brought the ferments 
within the compass of these observations, yet he has not based 
so direct a theory of fermenta on them as did Naegeli, and 
besides has only applied them to the unoi^anised ferments. 

Many other attempts have been made to explain the action of 
ferments. ' 

LoBW,^ in his assumption of free aldehydic groups in enzymes 
{vide 8upra), also refers to the hydrating action of aldehydes, 
and attempts to base a parallelism with fermentative action on 
this. He points to the fact that cyanogen, on contact with 
acetaJdehyde, absorbs water, and is transformed into oxamide. 
This was first recorded by Liebig.^ Schmitt and Glutz,' 
however, found that this reaction was also brought about under 
the influence of hydrochloric acid. It has not been more closely 
investigated; in fact, the great instability of cyanogen would 
present considerable difficulties in the way of a more thorough 
investigation of this question. 

The modern theories of electrolytic dissociation have become 
so recondite that no attempt has been made to find the weak 
spot in the baffling enigma by their aid. Now, there appears to 
me to be no doubt but that in this direction lies the road by 
which finally the goal will be reached, if ever it is reached. 
The accurate investigation of physico-chemical processes, of the 
alterations in conductivUyy and in certain cases, perhaps, also 
'in the osmotic pressure and velocity of reaction, as also of 
ionisation in general, are undoubtedly necessary preliminary 
work for the establishment of a theory of ferments on an exact 
basis. 

Yet, in this direction, hardly the first step has been taken. 
An extremely interesting fact, however, the discovery of which 
we owe to that indefatigable investigator of ferments, Nasse, 
deserves mentioning here as of primary importance. 

* Loew, Pflüg, A., xxvii., loc. cit. * Liebig, in his Anru, cxiii., 24Ö. 
3 Schmitt and Glutz, Ber. d. d. chetn. Oea,, i., Ö6, 1867. 

Digitized by VjOOQIC 



52 FERMENTS AND THEIR ACTIONS. 

Nasse ^ started from the very ingenious idea that a ferment at 
the moment of its specific activity must possess active /ree ions, 
which, by their kinetic energy, induce the process. 

He accordinglv investigated the conductivity of mixtures of 
fresh ferment and water, and of boiled ferment and water, and 
observed no greater conductivity in the case of the "raw" 
ferment. When, however, he replaced the water (which can 
also be represented by a solution of a non-specific substratum, 
as, for instance, cane sugar with diastase) by a solution of the 

rific substratum of the ferment, as, for example, starch with 
base, the " raw " ferment showed a greater conductivity than 
that which had been destroyed by boiling. It thus appears that 
an actual dissociation of the ferment takes place in the course qfits 
specific activity. Unfortunately, these highly important experi- 
ments have never been confirmed and extended. 

The fact that fermentative decompositions are frequently very 
similar in their course to acid-decompositions was very mis- 
leading, since it supported the assumption that we have here 
to dead with actually analogous processes. There was also 
frequently an inclination towards the idea that the typical 
decomposition finally merged into a genuine acid-decomposition, 
and that ferments only had an influence in accelerating and 
intensifying this acid-decomposition. 

They do this, of course, but it is not easy to base a theory on 
the fact. And there are also general reasons which lead us to 
the conclusion that there is an essential difference between 
inorganic contact actions and true fermentative actions. 

In the first place, the analogy with acid-decompositions only 
extends to the simple hydrolytic decompositions ; oxidations, and 
especially alcoholic fermentation, are altogether outside the 
bounds of this possible explanation. 

Moreover, very deep^eated differences can be observed by 
the scientifically exact methods of physico-chemical research 
between the course of simple catalytic processes, as, for 
example, hydrolysis by dilute acids, and the mode of action of 
ferments. 

These differences are seen in the quantitative limitations of 
the processes, in the velocity with which they take place, and 
the influence which the quantity of the ferment, the decomposi- 
tion-products formed, and the other physical conditions, notably 
the degra of concentration and the temperature, exercise on their 
activity. 

All these respective conditions have been thoroughly examined 
1 Nasae, Maly'a Jh., 1894, 718. 
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by O. Tamman ^ in a comprehensive research, and he has treated 
them so exhaustively that there appears scarcely any other 
course open to me in elucidating this difficult problem than to 
adhere, in the main, to his work. 

Ferments act hydrclyiically. We will for the present leave 
out of the consideration oxidising ferments, the activity of which 
has as yet been scarcely investigated from a physico-chemical 
point of view. Water by itself has a slight hydro! y tic action. 
This hydrolysis is, in the first place, increased by heating. 
Thus, MuNK ^ succeeded in decomposing glucosides by heating 
them with water at 150*" to IGO"* 0. It is, further, strengthened 
by acids, although all acids are only effective according to the 
proportion of their hydrogen tot», which are alone to be taken 
into account (Arrheniüs'). These are also present to a slight 
extent in not absolutely pure water, and cause a slight hydro- 
lysis. But this does not explain the action of ferments, for they 
are not electrolytes, and thus have no free hydrogen ioni. 
Ferments, therefore, exercise their power of accelerating hydro- 
lysis in a different manner to acids. They have, as we shall 
subsequently show in detail, definite atomic groupings which 
enter into relation with certain groupings of the substratum. 
On this is based a primary, most important distinction, the 
specific nature of/erments. 

There are, however, further differences. The reactions of 
ferments are incomplete. Tamman easily shows by reference to 
literature, and his own experiments, that the ferment never 
completely decomposes the substance on which it acts, but 
invariably leaves an undecomposed residue. The only excep- 
tions are rennet, which always precipitates the whole of the 
casein, and apparently, at any rate at higher temperatures, 
irwertase. 

This incompleteness, however, is not perhaps the result of the 
establishment of a condition of equilibrium, as, for instance, 
happens in the decomposition of an ester by an acid, in which, in 
addition to the hydroly tic decomposition, there is a re-formation 
of a fresh ester. Fermentative action, on the contrary, only pro- 
ceeds in one direction without any synthetical retrogradeformaiion, 
as Tamman also illustrates experimentally, quite in accordance * 
with our frequently expressed view, that ferments are never able 
to bring about synthetical endothermic processes. 

That this process cannot be the realisation of a state of equi- 



* Tamman, Z,f, physiol. Ch., xvi., 271, 1892. 
« Munk, Z, physUoal, Ch., i., 357, 1877. 

* Arrhenius, Z, phyeikai. Ch., iv., 228, 1889, 
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librium in the above sense is shown by the fact that it can be 
set in motion again by raising the temperature, which is not the 
case in the saponification of acids, in which the formation of a 
state of equilibrium is independent of the temperature. 

Besides, it has also been proved that the process does not 
come to a standstill on the destruction of the ferment. 

In direct contradiction to all previous investigations, we have 
Hill's^ results, which urgently require confirming or refuting. 
Hill, in fact, claims to have established the astounding fact that 
glucose is partially reconverted inU) maltose under the influence 
of maltose, when in concentrated solution, but that with a 
concentration of less than 4 per cent., this reversion of the 
process does not take place. Equally concentrated solutions of 
glucose and maltose are stated to be formed under the influence 
of maltase from the same equivalent proportions of glucose and 
maltose. It is advisable to accept with great scepticism these 
results, in which the fresh formation of maltose is inferred from 
the observed parallel increase in the optical rotation and de- 
crease in the reducing power ; if confirmed, it would, of course, 
involve a quite exceptional separate position for the action of 
maltase. 

The decomposition of the ferment as a cause of the cessation 
commences) however, at higher temperatures. The higher the 
temperature rises above the optimum, the quicker the process 
comes to its final stage, and at a certain temperature the ferment 
becomes inactive so rapidly that nothing, or practically nothing, 
of the substratum is attacked. And this end-stage is then a 
definite one ; the ferment is destroyed or, as Tamman assumes, 
split up, and nothing restores its activity. 

The decomposition of the ferment, however, does not occur at 
lower temperatures, since it is possible to again induce the pro- 
cess by means of external factors. Hence, in this case, only a 
stcOe of inactivity has ensued. This inactive form can be con- 
verted into the active form by the following means : — 

1. By raising the temperature. When, for example, an 
amygdalin-emulsin mixture has proceeded to its final point at 
5*^0., it remains constant at b^'C. If now it be heated to 40''O., 
^he decomposition of the amygdalin continues its progress and 
does not again come to a standstill until it reaches the point,- 
which has previously been attained by a mixture commencing at 
40''0. The end-point is thus, ceteris paribus, dependent upon 
the final temperature, and it is a matter of indiflerence whether 
this point be reached immediately or in several stages. An 
^ Hill, Jwm. of the Chem. <S^., Ixxiii., 634, 1808. 
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exception to this rule must naturally be made irhen the ferment 
begins to undergo a slow decomposition at the temperatures 
applied, since less substratum will then be decomposed in an 
intermittent progress to the end-point than in a decomposition 
in one stage. This is the case, for instance, with invertOBe^ 
which, even at 20*0., begins to decompose. 

The second method is a dilution of the mixture from time to 
time. 

The third is the addition of fresh substrata. When saKcin is 
added to an amjgdalin-emulsin mixture which has reached its 
last stage, the decomposition of the salicin begins afber a per- 
ceptible pause. The salicin thus effects the restucUoHan of the 
emulsin. 

The fourth is the addition of fresh quantities of active ferment 
•when the end-stage is reached. The process then continues to a 
new end-stage, which is again influenced by the ferment, and so on. 

Whence comes this inactivity? The decompositionrproducts 
appear to be responsible. In fitct, an artificial addition of the 
decomposition-products induces an earlier appearance of the 
end-points ; on complete removal of the decomposition-products, 
the decomposition continues indefinitely. This also gives the 
key to the divergent behaviour of rennet. Since, here, the 
separation of the decomposition-product, insoluble paracasein, 
takes place naturally, the rennet can continue its action without 
hindrance until the conversion of the casein is complete. The 
inactive form of ferments is thus caused by tlie decomposieion- 
products and can persist only so long as they are present (Tamman). 
Since, on the other hand, it has frequently been asserted that 
the decomposition-products raise the ''thermal death-point,** 
Tamman assumes that the inactive ferment is decomposed more 
slowly than the active form.^ 

Up to this point I have merely followed Tamman's conclu- 
sions. Before proceeding with them, I must introduce a few 
words of criticism. In the first place, Tamman has only 
demonstrated the incompleteness of fermentations in the case of 
a very limited number of ferments. 

In the case of the proteolytic ferments, trypsin in particular, 
he has produced no proof, for the arrest of peptic digestion 
mentioned by him, depends upon the use of hydrochloric add, 
and not on the enzyme becoming inactive.^ Moreover, the 

^ This is stated of the peptonising action of pepnn, e.^., by Biemacki 
{Z, /. Bid,, xxviii., 62). Tamman gives the statement without a 
reference. 

^ Gürber, Verhand. d, Wwr^kwr^ phfs. med. €ka., 1885 j(e/. under Fepwn). 
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behaviour of trypdn does not support his view. I can affirm 
from mj own experience that it is possible to carry a tryptic 
decomposition of albuminous bodies so far that only a minute 
quantity of a residue, probably consisting of impurities, is 
lefty and that the solution contains absolutely no genuine 
albuminous substances, or even any (HbutnoaeSf so that here 
we are justified in assuming a continuaiu decomposition of 
the protein, as, indeed, has also been affirmed on other sidea 
{»'9; by Kutscheb). Of course, we might assume that the 
genuine fermentative decomposition-products are possibly dif- 
ferent, but that they undergo a further change, either spon- 
taneously or under the influence of the slightly alkaline medium, 
so as to lose their influence on the ferments, as Tamman points 
out is the case with allyl muttard oiiy which changes into allyl 
cyanide (in the decomposition by myrosin) ; yet we should have 
no proof for this view. In any case, however, the matter is not 
ao simple as this. And as regards the influence of the decompo- 
sition-products, invertcue would form an exception, since there is 
not the same apparent reason for the inactivity of the decompo- 
sition-products in this case as with rennet And it is conceivable 
that this ferment (invertase), so sensitive towards an elevation 
of temperature, when kept at exactly 40* 0. (».e., a relatively 
high temperature) fulfils its task so energetically that it is not 
rendered '' inactive." Moreover, we must take into account the 
flELct that Kühne's ^ view of the restrictive influence of peptones 
on pepsin, which Tamman quotes, has been directly contradicted 
— ^9'i ^J Chittenden and Ely ^ ; that in the case of diastase 
Wortmann ' was unable to detect any injurious influence from 
the presence of even considerable quantities of sugar ; and that 
in general the question whether the decomposition-products by 
themselves exercise an injurious influence on the action of the 
ferment is answered in the most opposite manner by authorities, 
even in the case of one and the same process. These remarks 
must be understood as only pointing out that the circumstances 
are not as simple as Tamman assumes, but not as depreciating 
the theoretical importance of his ingenious investigations. We 
absolutely agree with the conclusion that the activity of ferments 
cannot, without further proof, be identified with that of simple 
catalytic processes, but that they possess specific functions, the 
cause of which is for the present still veiled in darkness. 

^ Kühne, Lehrb. d, phya, Ch,^ 1806, p. 39. Quoted by Tamman, loc* 

* Chittenden and Ely, Jmim. oj Phys,^ iii., 327. 

* Wortmaim. Z. physiol. CA., vi., 324, 1882« 
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The extremely interesting fact established bj Tamman, that 
emuUin which has arrived at the end-stage of its process with 
amygdalin — i.e., at inactivity — still acts upon salicivi^ induces us 
to think that surely static conditions of equilibrium are here pro- 
duced, although of a different kind to those in 8ap<mificatum 
reactianSf and that the cause of these is a sort of combination, 
as it were, of the ferment with its substratum — a combination 
which precedes the decomposition. I should like subsequently 
to devote some attention to the subject of the possible nature 
of this combination. The fact before us is that in an amyg- 
dalwremuUin mixture, a static condition can be established, 
which can be destroyed by external factors, such as heat, as also- 
by the addition of fresh active material, either ferment or another 
substance, and is then transformed into dynamic actions. As 
to whether this amygdalin mixture could not also be again 
rendered active by a fresh addition of amygdalin no experi- 
ments have been made, although they would be very interesting 
from a theoretical point of view. Such a renewal of activity 
by the same substratum (starch) has been observed, for instance, 
by Mobitz and Glendinnikg^ in the case of malt diastase {vide 
under Diastase,) 

Significance of the Amount of Ferment for the Decomposition 
Process. — There are manifold reasons for concluding that fer- 
ments do not act like t!ie spark in a barrel of gunpotvder, so that 
an inappreciable emission of energy from them is sufficient to> 
cause the process when once started to continue spontaneously 
to infinity, just as the total supply of coal could be consumed hj 
the application of small fiame. Although the amount of sub- 
stratum which can be transformed is enormous as compared 
with the quantity of the ferment, so that, for example, one part 
of rennet, which is certainly, as yet, i\ot pure, can decompose at 
least 400,000 parts of casein (Hammarstisn), whilst invertase can 
transform 100,000 times its quantity of cane sugar (O'Sullivak 
and Tompson), and other enzymes similar colossal amounts ; yet,, 
however, it has ßnite limitations. Both the amount of the 
substratum decomposed in the final condition and the time 
occupied by the reaction are dependent upon the quantity 
of ferment added. But this only holds good up to a certain 
degree, for when we reach the ratio between the ferment and 
substratum at which the maximum of action occurs, the addition 
oi fresh quantities of ferment is without influence. This is 
naturally also the case with temperatures at which no decom- 
position of the ferment sets in. Moreover, this phenomenon^ 
^ Moritz and Glendinning^ Joum, Chem, Soc., Izi., 689, 1892. 
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which points to a quantitative relationship between ferment 
«nd substratum, lends support to the notion of a combina* 
tion of the ferments with the substratum preceding the 
decomposition. 

In aiddition to the quantity of ferment, the degree o/diltUunt 
plays an important part in the formation of the final condition 
(although there are many exceptions, as, for instance, in the case 
of scUicin)^ and the same may be said of the amount of substratum 
present, and, as we have already mentioned, of the temperature. 
The maximum of the final condition is thus influenced by all 
these factors. Tamman has attempted to investigate the 
<x>unterbalancing influences, and proposes as a probable rule 
for a solution of emidsin and salictHf that " with an increasing 
amount of ferment, and a constant amount of salicin, the 
quantity of salicin decomposed at the temperature of the 
maximum increases in arithmetical proportion^ whilst that of 
emulsin increases in geometrical proportion,^ ^^ 

At temperatures below the maximum the addition of an excess 
of ferment has no effect ; at temperatures above the maximum 
the proportion of salicin decomposed still increases tMh the 
quantity added, though to a lesser extent than in the case given 
in the rule above, whilst naturally the total decomposition 
becomes less, and above the decomposition temperature of the 
ferment ceases. With small quantities of ferments the maximum 
ranges from 30"* to 46"* C. From the direction of the curves 
plotted by Tamman, we can draw conclusions as to lotver 
temperatures (below 0° C), and these indicate a similar 
<< thermal death point ** for such low temperatures. (According 
to Tamman it is - 65^ 0. in the case of eaUcin-emtdsin,) 

Thus far Tamman's results. A striking point in them is the 
remarkably insignificant quantitative action of emulsin. He 
asserts that 0*01 milligramme of emulsin mixed with 0*25 milli- 
gramme of amygdalin effects so little decomposition that no 
hydrocyanic acid, and only the odour of benzaldehyde, can be 
detected. Other ferments, however, appear to act far more 
energetically. It must, therefore, be pointed out that Tamman's 
conclusions can, for the present, only be accepted for emidsin. 

Velocity of the Reactions of Ferments. — Ferments are also 
distinguished from liberations of force of an explosive character 
by the slowness of their reactions. The rapidity of the reaction 
of ferments is influenced in the same way as the final stage by 
the amount of ferment and substratum as well as by the tem- 
perature. It is also affected by the presence of foreign bodieiu 
^ Tammaii, toe. ctV., 306. 
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The influence of the amount of ferment on the rapidity of the 
reaction has been investigated by, among others» Brüoke in the 
case of pepsin, by Oohnheim for the diastase of saliva^ by 
SGH.WABZER for malt diastase, by Barth for vnvertase, by 
Markwobt and Hüfner for emulsiT^ and by Mater for renTiel^ 
dec. All these experiments have led to the conclusion that the 
time of the reaction decreases with the increase in the quantity of 
the ferment, yet is not directly in inverse proportion to it. Thia 
holds good for rennet, but only up to a certain proportion of the 
ferment (Peters). Tamman ' investigated the action of invertase 
on cane sugar, and found the -curve totally different from that 
corresponding to the acid-decomposition. In the action of 
emulsin a maximum of activity is obtained with a given amount 
of ferment ; any addition beyond that amount has no influence 
on the velocity of the reaction. 

The quantity of substratum present has a converse influence 
in cases in which the amount of ferment is the same. The speed 
ofcommeTicement is specially aflected by this factor; subsequently 
its influence becomes very trifling. 

Greater concentration has at first a restrictive, but subse- 
quently an accelerating, influence. More decomposition, how- 
ever, is effected in dilute than in concentrated solutions in an 
equal time. 

Of special importance for the conception of the separate 
position of ferments is the fact established by Tamman that the 
accelerating influence of temperature on the speed of reaction 
does not follow the curve which represents the acceleration of 
the hydrolytic decomposition effected by adds. 

Of his results with individual ferments, reference should be 
made to the fact that, in the case oi invertase, the rapidity of the 
start is retarded by temperatures below 40^ 0., but not at 50° 0. 
Temperatures above ÖO*" C. cause an increase in the rapidity of 
commencement, which, however, decreases with the rise of 
temperature. The reason for these deviations is that the 
ferment is more readily decomposed at higher temperatures. 
In consequence of this, the acceleration by ferments has a 
Umpefatiwre maximum, above which it again falls. With regard 
to the influence of foreign substances on the speed and intensity 
of fermentative reactions, numerous investigations have been 
made (vide supra). A generalisation of the results, however, is 
impossible, owing to the statements being contradictory. The 
view that there is a difference from simple hydrolytic processes 
is supported by the fact that there are substances — e,g,, neutral 
^ Tamman, loe. cit,, 312» ^ , 
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salts — which promote the reactions of ferments, whilst, on the 
other hand, all add-decampontions are influenced in their speed 
by every addition (Nassb).^ 

We see, therefore, that we have every reason for assuming 
that ferments possess characteristic activities. From the results 
of physico-chemical investigation, it follows that any identifica- 
tion of these activities with the simple decompositions effected 
by acids is out of the question. 

And, above all, the specific action 0/ /ermenU is opposed to 
such a view. 

Whilst it is possible to decompose starch, cellulose, albu- 
minous bodies, glucosides, «fee, by means of dilute acids under 
approximately the same conditions, ferments, under the same 
external conditions, develop a marked specific action. The 
diastase which decomposes starch has no action whatever either 
on (dbumin&us substances^ on amygdalin and salicin (Cohnheim,^ 
Nassb'), or even on the much more nearly related disaccTumdes^ 
maltose and cane sugar, or probably even on ceUiüose^ which is 
so closely akin to starch. In a perfectly analogous manner, the 
proteolytic ferments are devoid of all influence on carhohydraics^ 
fat,kc. 

And not only do the primary substances attacked vary 
according to the nature of the ferments, but the extent of the 
process also differs. Since achroodextrin and maltose are not 
susceptible to the action of diastase, the diastatic decomposition 
of starch ends with the formation of these products, whereas 
starch can be broken down directly into ci-glucose by means of 
dilute acids under suitable conditions. 

We are thus arrested by the problem: How is the specific 
ferment in a position to interfere, by the emission of energy, 
with the mechanism of the atomic vibrations 1 

The first glimmer of light was thrown into this dark comer 
by the ingenious experiments of Emil Fischer,* who was the 
first to systematically apply the stereo-chemical mode of view to 
the actions of ferments. 

That, as a matter of fact, the living cell is perfectly capable 
of distinguishing stereo-chemical differences in the structure 
of the molecule had already been shown by the experiments of 
Pasteur,'^ which proved that mould-fungi could only cause 
dextro-rotatory tartaric acid to ferment: and by the equally 

^ Nasse, Pflug. Arch,^ xi., 147. 

s Gohnheim, Virch, A.^ xxviii., 241. ' Nasse, 2oe. dL, 167. 

^ E. Fischer, vide Z, /. physM. Ch,, xzvi., 71, 1808. 

* Pasteur, Cimptes JtemcU^ li., 298, 1860. 
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well-established fact that the fermentability of sugars by yeast is 
dependent on their stereo-chemical configuration. In the first 
place, speaking generally, only sugars with tix and nine carbon 
atoms are fermentable, and of these, again, only those which, in 
their genetic structure, belong to the cf-series,^ and even those 
are only partially fermentable, notwithstanding the fact that 
they are structurally identical ; but they are stereo-chemically 
different, and that is sufficient to make them partially inacces- 
sible to the fermentative activity of the yeast. 

E. Fischer now transferred this mode of considering the 
subject to the enzymes. He prepared artificial derivatives of 
sugar which were stereo-chemically different but structurally 
identical (e.g,y methyl gl'ucoaides^ esters of sugar with methyl 
alcohol). With these he established two important laws : — 

In the first place, the enzymes investigated by him (the 
enzymes of yeast infusion and emulsion) acted in general only 
upon the artificial glucosides of/ermentable sugars, so that, by 
this fact alone, the clearest light was thrown upon the essential 
significance of tlie stereo-chemical configuration. 

But, secondly, he obtained from fermentable sugars, also, ttoo 
stereo^omeric series of glucosides^ which he termed a- and ß- 
glucosideSf and now the remarkable fact appeared that the 
glucosides of the a-series were only attacked by the enzymes of 
yeast infusion, and those of the jS-series only by emuJsin, so that 
by these results the specific action of ferments is apparently 
brought to a focus. In the special part we shall go more fully 
into these facts in dealing with the enzymes which decompose 
glucosides. And yet, on the other hand, in these results of 
Fischer there is, at the same time, also a limitation of the specific 
nature of enzymic activity. That enzymes need not work 
specifically, in the sense of only and exclusively directing their 
activity towards one chemical substance, is at once manifest, 
when we consider that proteolytic enzymes attack all albuminous 
substances, which are, however, undoubtedly different ; that 
diastase decomposes <dl the varieties of starch (the different 
nature of which has not been proved) and part of the dextrins, 
and that emtUsin effects the decomposition of numerous gluco- 
sides. And so Fischer was perfectly justified in assuming that 
the enzymes which decomposed artificially-prepared glucosides 
were identical with those which had long been known to decom- 
pose cane sugar and maltose on the one hand, and amygdalin and 
other glucosides on the other. It would be too improbable a 

^ The actwd rotation is here irrelevant ; the levorotatorv f ruotose, which 
systematically belongs to the ci-series, ia equally fermentable. 
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Bapposition to assume that yeastrit^ftmon and tmuLmn oontain 
enzymes exclusively adapted to artificiallj-prepared glucosides, 
which are never met with in nature. 

We are thus gradually forced to the conolusion that there are 
definite siereo^Jiemical atomic groupings which can serve the 
ferments as a stepping-stone for their attack ; that ferments can 
also be in a position to decompose several bodies of different 
structure; and that, provided they find the atomic grouping 
suitable to thp,m, the structure may otherwise be what it will. 
And, if we follow this conception further, the analogy with the 
toxines of bacteria and the vegetable toxdlhumina allied to them 
forces itself upon our notice in a shape which, although quite 
obscure and scientifically untenable, is irresistibly attractive. 

The reader will, therefore, pardon me if I venture to follow 
up this conception. 

The analogies between the nature and actions of ferments and 
those of toxines are unmistakable, and have frequently been 
dwelt upon for a long time past by Koux and Tebsik, and now, 
in particular, in the case of tetanotoxine.^ 

Both are bodies of high molecular weight and of unknown 
nature : apparently of an albuminous character, though losing 
more and more of their albuminous character with each advance 
in our knowledge of how to prepare them in a purer state. 

Both are extraordinarily sensitive to acids and many other 
chemical agents; the activity of both is irrevocably destroyed 
by boiling. 

Both are products of living cells. And, if we add to this that 
both develop their activity in such infinitely small quantities^ 
that we cannot conceive of their action as a purely chemical or 
mass action, we have, indeed, analogies enough. 

A further comparison may be made between the specific 
solvent action on hemoglobin of t^anolyeine (Ehrlich) and the 
perfectly analogous action of ferments (Hildebbakdt).^ 

It is also extremely enticing to attempt to explain fermenta- 
tive action in the method which £hrlich^ has followed with 
such important results in the case of toxines. 

^ Vide Tizzoni and Cattani, Arch. Ital, d, Biol., xiv., 105. On the other 
hand, however, the similarity of tetanus-poison and enzymes is very 
strongly disputed by Fermi ana Pemossi (Z,/, Hyg,, xvi., 385). 

' Acoording to Brieger and Cohn, the lethal dose of tetonotozine for a 
man was 0*00023 gramme in the case of a not perfectly pure poison ! (Z, /. 
Hyg., XV., 1, 1893). 

s Hildebrandt, Virch, A., cxzi., 29, 1890. 

* Ehrlich, *'The Oxyeen Requirement of the Organism," Berlin, 1885 ; 
KUn. Jahrb., vi. Cf. also Oppenheimer, ßiol, CefUralU., 1899, 799. 
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Sbrlioh's riew of the action of tozines is also a Uerea^ehemUetU 
ona According to his side-chain theory, the possibility of a 
toxine action depends upon the haptophore group of the toxine 
finding a corresponding haptophare group in the protoplasm of 
the 0^ to which it attaches both itself and the total molecule of 
the toxine. Not till then is the toxine in a condition to cause 
its toxophare groups to exercise their injurious activity on the 
cell. If the corresponding baptophore group is absent, the 
toxine has no power over the cell ; this accounts for the specific 
nature of toxine activity. 

In an analogous manner to Emil Fischer in his now celebrated 
■imile of the key ferment which must fit the lock substratum» 
Ehrlich represents the combination of the toxine to the cell 
protoplasm. 

If we could imagine that, in some similar way, the ferment» 
possessed baptophore groups which corresponded to those stereo- 
chemically arranged groups of the substratum, and attached 
themselves to them ; if, further, we imagined that, corresponding 
to the ioxophore atomic grouping which caused the physiological 
dissolution, the death of the cell, there were a zymophore group 
which effected the chemiccU decomposition of the molecular 
grouping, we should have a concrete conception of the reason 
for the specific activity of ferments. Just as the toxophore 
group need not in itself be specific, but can be explained by the 
aid of chemical affinity as a perfectly simple physiological 
activity, so, too, the zymophore group which effected the decom- 
position need not possess any specific property, but might act in a 
manner comparable to that of simple catalytic substances, as, for 
example, simple acid-decomposition. 

As soon as the ferment had attached itself to the substratum 
by means of the specific baptophore groups, the specific part of 
its activity would be attained, and the simple chemical action 
begun. And, just as in the case of simple crystalloid proto^ 
|>lasm-poisons, the physiological decomposition is not dependent 
on a specific stereo-chemical configuration — on baptophore 
groups — so, too, simple acids do not act specifically in the hydro^ 
lysis, but on all decomposable substances without selection. 

We see how extremely attractive it is to follow this path ; 
yet, at the same time, we must not lose sight of the fact that^ 
notwithstanding all this apparent agreement, the difficulty of 
formulating a theory of ferments of this kind is enormous. We 
should have to take the tremendous step of drawing inductive 
oonclnsions from the protoplasm of the cell as to the con«- 
figuration of such simple substances as cane sugar t3^d amyg- 
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dcbUn, in order to assume the presence of similar haptophore 
Atomic groupings in them ; from the physiological action of the 
toQcophore groups we should have to draw inferences as to the 
4:hemical action of the zymophore group ; in short, such a theory 
can only be regarded, at any rate for the present, as a tentative 
«zperiment, which satisfies the mental craving for causation and 
analogy. 

Tet there are already a string of facts which support such a 
view, apart from the numerous points of relationship in the 
nature of toxines and ferments, which we have described above. 
In the first place, an actual combination of the ferment with its 
3ub8tratum preceding the action, of the ferment, was recorded 
long ago. Fresh fibrin in particular has the power of combining 
with relatively large quantities ofpepsiuy papain, and trypsin, as 
well as oi diastase, to form compounds so stable that they cannot 
be dissociated by washing.^ A similar phenomenon has been 
recorded in the case of other ferments. This might be regarded 
as a aaturaition of the haptophore groups on each side. 

This view is also supported by the fact established in the case 
of nearly all enzymes that the thermal ^' death " point is lower 
for ctqiLsous solutions than for a mixture of ferment and sub- 
stratum, so that the possible resulting ''combination" of both 
appears to be more stable. Tamroan's mode of expressing this 
is that the ''inactive" ferment is more stable than the "active;" 
it is difficult to know, however, exactly what to make of that. 

If, further, we wish to refer the action of the zymophore 
groups to a simple acid-decomposition, the actually observed 
combination of weak hydrochloric acid with the ferment, may, 
in turn, be brought forward in support of this view (see Pepsin), 

The first un&vourable fact, which apparently cannot be 
reconciled with this attempt at explanation — viz., that ferments 
sometimes also combine with substances which they do not 
attack {e.g,, pepsin with silk), might be brought within the 
bounds of the conception by the assumption that although 
corresponding haptophore groups are present, they are not 
actually zymophore, so that notwithstanding a preliminary com- 
bination, no reaction takes place. 

Of far more weight are the conclusions which can be drawn from 
the phenomena of bacteriolysis and haemolysis (see Special Fart). 

Here without doubt we have to deal with true fermentative 

actions. When an object injurious to the protoplasm, such as a 

bacterium or a foreign blood corpuscle, has forced its way into 

the organism it is destroyed by the proteolytic ferment* of the 

^ Szumowaki, Bibliography, Arch. d. Phya,, 189S, 160. ^ 
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blood. Bat in order to strengthen the proteolytic capacity of 
the blood, which is too weak by itself, an entirely specific ferment 
is produced by the stimulus of this injurious body^ to act 
against it, and this, in the theory, attaches its haptophore group 
to that of the stranger, and destroys it with its zymophore group. 

For this one special case we should in fact have the conception 
which is embodied in the theory of ferments as formulated 
above. Two haptophore groups coinciding with one another 
(^^lock and key") and a subsequently active zymophore group. 
But unfortunately we cannot, as yet, generalise from this case. 

Another important fact, which throws light from a new 
direction upon the analogies between toxines and ferments, has 
recently been discovered. One result of £hrlich's side-chain 
theory was the assumption of the formation of specific anti- 
substances from the excess of haptophore groups produced, 
and that these circulating in the blood, attached to their 
haptophore groups intruding toxines, and rendered them 
innocuous ^ ; the serum containing such anti-substances would 
then be capable of neutralising toxines in a test-tube. This 
is exactly what Morgenröte^ has succeeded in showing in 
the case of rennet. In the same way as it is possible to stimu- 
late the organism to produce anti-toxines by the gradually 
increasing introduction of toxines, he was able by means of 
increasing doses of rennet, to cause an " anti-lab ** to be formed 
in the serum and milk of the animals upon which he experi- 
mented, which was capable of paralysing to a very great extent 
the action of rennet on the milk (cf. Bennei). 

In this case, too, we have a complete analogy with the 
toxines. A substance provided with a haptophore group, 
formed from an excess of side chains, attaches the rennet to 
itself by means of its haptophore group, and so prevents it from 
bringing its zymophore group to act upon the casein. 

^ The " immune body "-l-the " addiment." 
» Cf, my note in Bid. CerUrcUb., 1899, 799. 
> Morgenroth, Centralbl, /. Bakt., xxvi., 1899. 
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CHAPTER VL 

THE PHTSIOLOQICAL ACTION OF FERMENTS. 

It was naturally to be expected that ferments possessed of great 
activity should also not be without influence upon the living 
organism. 

B^HAMP and Baltus^ found that subcutaneous injection of 
vegetable and pancreatic diastase had a poisonous action. 

Bergmann and Angerer' proved that solutions of pancreatin 
and pepsin on injection raised the temperature, and were very 
poisonous. A similar result was obtained by Rousst* in the 
case of a substance with inverting properties, which he isolated 
from decomposed beer, and to which he gave the very indefinite 
name of pyrelogenin. 

Mendelson^ found that pepsin caused fever in dogs, whilst 
the pressure of the blood was considerably increased. 

Hildbbrandt' has examined more closely the physiological 
action of pepsin, reimet, invertcLse, dicuUMe, emüUin, and myroein. 

All had a toxic action. The smallest lethal dose for a 
medium-sized rabbit was about 0*1 gramme in the case of pepsin, 
tnvertaae, and diastase, and 0'05 gramme (or even 0*025 gramme 
after the lapse of a week and a half) with emtUsin and myrosin. 
Eennet was much less poisonous; the lethal dose was 2 
grammes. 

Moreover, all caused febrile symptoms (up to 41* 0.) when' in- 
jected in a sterile solution containing 0*6 per cent, of ordinary 
salt, though more rapidly on intravenous than on subcutaneous 
injection. At first only the production of heat was augmented, 
but afterwards the liberation of heat as well, and this, on the 
decrease of the fever, showed a relatively greater increase than 
the production. Hildebrandt, on closer investigation, came to 
the conclusion that in these phenomena he was dealing with 

^B^hamp and Baltus, CR., xc, 373, 539, 1880. 

'Bergmann and Angerer, Featschr, zum 600 j. Beat, d. Univ, Würzburg, 
1882, 137. 
*Boii8sy, D. med. Woeh., 1889, 874. « Mendelson, Virch. A„ c, 291. 
«Hüdebrandt, Virch. A.^fxad., 1, 1890. 
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true fehrüe symptoms (ferment /ever), inasmuch as antipyretic» 
(kairin) were found to be effective. 

The symptoms of the poisoning were : — Distaste for food, 
thirst, shivering, restlessness, staggering gait, and, finally, 
coma (in dogs). In the case of rabbits the main symptoms to be* 
observed were emaciation, weakness, and, frequently, convul- 
sions. 

On dissection hsemorrhage of the internal organs was often 
found, and also fatty degeneration of the heart and liver, con- 
gestion of the kidneys, and thrombosis. 

Rennet had only a very slight action, owing to the fact that the 
temperature of the body (about 40" 0.) is no doubt injurious to it 
(Mayer*). In the case of invertase, too, Hildebrandt succeeded 
in partially protecting the animals by artificial superheating, 
and hence he is inclined to regard the elevation of temperature 
in fever as, in general, a healthy reaction against the ferment* 

Ferments were also found to be blood^poisons, bleaching and 
reducing the red blood-corpuscles. Whilst ferments intra viiam 
brought about coagulation of the blood, Hildebrandt confirmed 
the results of Albertoni' and of Salyioli," who found that 
when added to the blood outside the body they tended to pre- 
vent coagulation. On the addition of fibrin ferment, however, 
coagulation took place. 

Fermi * was inclined to attribute the fever-producing action 
and the accompanying symptoms of poisoning, following the 
injection of ferments, to the simultaneous introduction of patho- 
genic micro-organisms. Hildebrandt, in fact, had omitted to 
furnish convincing proof that his method of sterilisation really 
effected its purpose. This, however, was done by Kionka,* 
who confirmed Hildebrand t's results, using ferments proved to 
be sterilised (by means of m,ercuric cMm'ide and a porcelain 
filter), and showed that the method of sterilisation adopted by 
Fermi (Zoc. dL) had so weakened the enzymic activity that the 
fennents had no longer a toxic action. 

Fermi,® however, stoutly maintains his opposite view, so 
that uniformity on this point has not yet been obtained. 

It is, nevertheless, highly probable that ferments actually 
possess properties which are also common to many bacterial 

^ A. Maver, Enzymologie, Heidelberg, 1882. 

2 Albertoni, C. med. Wiss., 1878, No. 36. 

»Salvioli, a med. Wiss., 1886, 913. 

* Fermi, Arch,/. Hyg,, xii., 238; xvi., 385, 1894. 

«Kionka, D. med. Woch., 1896, 612. 

•Fermi, Maly'a Jb., 1897, 828. 
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toxines. Hildebbandt,* in a later research, was able to prove 
that ferments acted by chemical contact — i.e., attracted leucocytes 
— and thus produced local inflammations (e.g., at the point of 
injection). 

He further investigated the avenues for the introduction 
of ferment 'intoxication." In the stomach ferments were 
destroyed by the pepsin, but, on the other hand, clysters and 
dropping into the conjunctival sac proved effective. 

Ferments proved to be capable of arresting the action of the 
newly-removed heart of a frog, and, in general, showed the 
characteristics of true protoplasm poisons. 

Moreover, Hildebrandt succeeded in producing a certain 
degree of resistance to the poison in the animals on which he 
experimented, specially in the case of emulsin, and this resist- 
ance resembled a true immunisation in the facts that the 
animals not only readily withstood greater doses of emulsin, but 
also that the specific activity of the ferments in the organism 
appeared to be at least considerably weakened. 

In addition to these ferment-immunisations, mention should 
also be made of the attempts to produce, by the introduction of 
diastase, immunity against the saccharifying ferment, the exces- 
sive activity of which is said to contribute to the development 
of diabetes. In these experiments Kussmaul' asserts that he 
has observed a diminution in the excretion of sugar after the 
intravenal injection of diastase, and the same result has been 
obtained by Lepine.^ 

' Hildebrandt. Virch. Arch., cxxxi.. 5, 1893. 

'^ Kussmaul. A,/. Min. Med., xiv., 1874. 

' Lupine and Barral, C. R., cxui.. 1014. 1891. 
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CHAPTER VII. 

THE SECRETION OF ENZTMES. 

Although, for the reasons given above, we must altogether 
refuse to accept the purely biological view of fermentations, yet 
the practical significance of these processes for biological pro- 
blems is so important that it behoves us to deal with them more 
fully. 

We regard ferments as true secretion prodiLCts of the living 
protoplasm, which, however, are in part distinguished from 
ordinary secretions by the fact that they remain in more or less 
intimate connection with the living cell, so that their zymophore 
group, if I may venture to use the expression without encroach- 
ing, still remains in combination with the germ of the protoplasm 
molecule. This connection has hitherto been either altogether 
inseparable ; so that these ferments form, to a certain extent, the 
residue of the organised ferments in the older sense. Or, again, 
this bond may be broken by forcible means, which destroy or 
weaken the cell as a living individual — the group df enzymes 
thus obtained standing midway between the " organised '' and 
'' unorganised " ferments; some of these are also met with under 
other conditions as free excreted ferments. One, however, 
which can only be isolated by extraordinarily energetic action 
on the cell — Buchner's zymase — will, in practice, long be desig- 
nated as an organised ferment, whilst the others, particularly 
maltase and invertase, will, in practice, be assigned to the 
enzymes. 

. We have thus to differentiate these groups of ferments, viz., 
those firmly attached, those attached but separable from the 
vital process, and the simply excreted ferments. 

The first gi*oup comprise — 

1. The lactic acid /ir mentation, 

2. The acetic acid fermentation and some other oxidising 
fermentations. 
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The second group consists of — 

A. Enzymes of the Disaccliarides, 

1. Invertase. 

2. Maltase. 

3. Lactase. 

4. Trehalase, kc^ 

B. The Urea-decomposing Enzyme — Urase. 

C. Buchner's Zymaae^ and some other enzymes as yet not 
closely investigated, which are isolated in the same way. 

The remaining enzymes are given up without difficulty to 
surrounding media ; thus they can be detected in aqueous and 
glycerin extracts, &c. They form the third group. Although 
nothing can be stated as to the conditions of secretion of the 
enzymes of the first group, since they are not known outside the 
cell and the conditions of their activity are bound up with those 
of their parent cells, much research has been made on the mode 
of secretion of the second group of enzymes. The study of the 
onzymes of yeast has been of special importance in this connec- 
tion. The living healthy yeast cell usually yields to an aqueous 
infusion, only a trifling amount of one ferment — yea^t diastase. 
If, however, the yeast be killed or weakened by chemical or 
physical means, the complexion of aflairs is essentially changed. 

The following methods are used for this purpose : — The vital 
«nergy of the yeast is either weakened by letting it dry in 
the air at a temperature not exceeding about 30° C. When it is 
dry it can be weakened still more by heating it for a short time 
At 100" 0. 

Or another method is the application of protoplasm-poisons, 
which destroy the characteristic alcoholic fermentative capacity 
without injuring the other enzymes ; toluene, chloroform, ether, 
«alicylic acid, and thymol are used for this purpose. 

There appears, however, to be a partial diflerence here, for 
although the enzymic action can be recognised in poisoned yeast, 
the enzyme does not pass into the infusion so long as the cell- 
waU is uninjured ; at least, this has been established in the case 
of certain yeasts. It has thus hitherto been impossible to defi- 
nitely decide whether the enzymes are in some way or other 
combined with the protoplasm, or are merely retained by the 
intact cell-wall. 

Yeasts treated in this way have the following characteristics : — 

Ordinary yeasts, which are capable of fermenting cane sugar 
And starch, yield in addition to the starch-decomposing dicutase 
two further enzymes — invertase, which decomposes cane sugar. 
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and mahcue, which decomposes maltose — and also in most < 
trehcdasey which has as yet been but little studied. 

Certain yeasts are lacking in one or other of these enzymes; 
thus, Saccharomyces Marxianua contains only inverUue, S. oeUh 
sporus only maltose^ JS, apicuLatus neither, &o. The bottom 
fermentation yeasts produce also a special (?) ferment, mdUnate* 

Under the same conditions, the mükrsibgar yeasts yield, instead 
of maltase, an enzyme, lactase, which decomposes lactose ; this, 
however,' only passes to a very slight extent into an aqueous 
infusion. 

Especially interesting is the case of Monilia Candida. This 
mould-yeast contains a ferment which inverts cane sugar, since 
it is capable of causing that sugar to ferment. This invertase of 
Monilia cannot, however, be isolated from the cells hv any 
method. But that, even in this case, there exists a ferment 
irhich is independent of the vital process is manifest frobi the 
fact that the yeast still inverts cane sugar after it has been 
deprived of its fermentative power by toluene, &c. We must then 
either assume with Fischer^ that Monilia invertase is insoluble 
in water, or that the cell-wall of this yeast is capable of such 
resistance that even after drying and heating it remains tm- 
permeable to the enzymes. What was stated above of lactasey 
which only passes in slight amount into the infusion, thus holds 
good in the widest sense of Monilia invertase. 

This attachment of invertase and maltase to the cell is only 
met with, however, in the case of the enzymes of the yeasts and 
certain mould fungi They also occur in another form as free 
excreted enzymes, especially in the sap of plants, as we also know 
to be the case with pancreas-maltase, intestinal invertase, &c. 

Another enzyme which does not leave the healthy cell is the 
ammonia-producing v/rase of certain bacteria; it cannot be 
isolated from living cultivations, but this can be effected after 
the micro-organisms have been poisoned with alcohol. 

If we find a fairly loose connection with the body of the cell 
in the case of the ferments just mentioned, so that it is relatively 
easy to study them after separation from the vital activity of 
the parent cell, the alcohol-producing ferment of yeast, on the 
contrary, long resisted every attempt to isolate it. By the 
application of very violent measures, especially of great pressure, 
Büchner eventually succeeded in isolating from yeast the enzyme 
of alcoholic fermentation, zymase, which thus, to a certain degree, 
forms a connecting link between the yeast enzymes of the kind 

^ E. Fisoher, J. pr. Ch.y xxvi., 77, 1898. For the remaining literature 
see under the different ferments in the special part. 
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mentioned above and the ferments which, as yet, have not been 
isolated at all. Its discovery gives us grounds for hoping that 
it may perhaps be possible by the application of similar vigorous 
means to also isolate the lactic acid and acetic ferments, which 
is a consummation to be desired as the crowning stone of our 
theoretical views. 

In the case of all these ferments a direct observation of the 
process of secretion and of the changes of the parent cell which 
accompany it is naturally impossible, since a separation is only 
effected after so radical an injury to the protoplasm, that altera- 
tions in the histological sense can no longer be detected in the 
latter. 

Hence the changes in the cells which excrete readily soluble 
ferments have been the more eagerly studied. 

The enzymes of animals are, for the most part, produced and 
separated in special organs, which are termed glands. Thus 
there are the salivary glands of tlis motUh, which produce the 
saccharifying ferments, the glands of the stomach secreting 
pepsin and rennet, and the pancrea^s glands, which secrete the 
three groups of ferments, trypsin, saccliarijfying ferments, and 
lipase; besides these, though of less importance, we have the 
intestinal glands (whose most important product, in addition to 
diastase, is in'vertase), the liver, 6ic. In some of the lower animals 
the functions of several glands are united in the gland of the 
intermediate intestine, which, in addition to proteolytic, sacchari- 
fying, and fat-decomposing enzymes, sometimes also excretes 
enzymes which dissolve cellulose. 

The histological alterations which these glands undergo 
during the secretion of the enzymes, as also the relations be- 
tween the gland-cells and enzymes in general, have been most 
thoroughly studied and the most minute histological details 
settled, notably by the investigations of Köllikbr, Kollet, 
Hbidenhain, v. WiTTicH, Grütznbr, Langley, Biedermann,^ 
and many others. It seems impossible to give a resumS of the 
result of these researches in a few words, and to follow them 
here into the more minute details would far exceed the limits of 
this work. 

We will only notice here that the excreting cells during the 
veriod of rest are relatively large and contain little protoplasm^ 
but are filled instead with substances partly more homogeneous 
and partly also of a granulated structure, which are regarded as 
fermentSy or rather as the material for the formation of the 
ferments. If, now, the stimulus which induces secretion comes 
' See the special part fcr referenoes to the litsratnre. 
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into play, these metaplasmatic substances are separated, the cell 
diminishes, and when a fresh period of rest ensues its protoplasm 
becomes capable of producing new supplies of ferments, which 
are first deposited in the cells in an inactive form as the so-called 
zymogens. 

Whilst, in the case of animals, the histolop^ical problem was 
rendered far more definite by the existence of special glandular 
apparatus, it was otherwise in the case of the plant-enzymes. 
Long ago all kinds of enzymes were found to be widely distri- 
buted in plants, but as to their localisation in the special parts 
and tissues of the plants there was no agreement. 

Only recently have the important conclusions of investigator* 
begun to attract notice, in which they assume the presence 
of special organs of secretion or, at least, groups of secreting cells- 
also in plants, and base these conclusions on histological 
grounds. These investigations will be described at length ia 
the special part, and 1 will only refer here to those of Tan gl,. 
Haberlandt, Bkown and Morris, and Grüss on diastase, of 
Marshall Ward on cytase, of Guignard on emulsin and 
my rosin, and of Gardiner on the proteolytic ferments of JJionceUy. 
all of whom attribute the production of enzymes to definite 
localised groups of cells, the secretory activity of which can be^ 
followed with the microscope. 

Zymogens. — The more closely we study the subject of the 
secretion of soluble ferments the more probable does it appear 
that ferments in general are not present in the living cell 
immediately after the process of secretion in an efiectively 
active condition, but in a transition stage, to which the name of 
pro-ferment or zymogen has been given. This has long beea 
assumed in the case of pepsin and trypsin^ and Langlet and 
Hbidenhain, in particular, have supported this view; the 
phenomenon, however, appears to be the rule in the case of a 
very large proportion of all enzymes, as has been pointed out, 
notably by Green. 

These zymogens are in themselves inactive, but on contact 
with definite zymoplastic substances, notably dilute acids, they 
change into active ferments. As to the nature of this process of 
rendering the ferments active, we can only make suppositions ; 
the fact that dilute acids are the best zymoplastic substances 
points to the conclusion that we may here be dealing with the 
decomposition of higher complex groupings, possibly consisting 
of compounds of the ferments with albuminous substances. 

Zymogens, as a rule, offer more resistance than ferments to 
external influences« 
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It is frequently possible to render these zymogens accessible 
to a direct observation within the cell ; they show ffrantUea of 
definite structure and colour, which are visible under the 
microscope. This is especially the case with the zymogens of 
pepsin and trypsin in their respective glandular cells; other 
observations, too, support this view, such as, for example, those 
of Habeblandt on the diastase of the endosperm of seeds and 
of Ward on the cy tase of the varieties of Botrytis examined by 
him. 
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CHAPTER virr. 

THE IMPORTANCE OP PERMENTS TO THE VITAL 
PROCESS. 

Although we cannot go so far in our biological estimation of 
ferments as to venture to directly identify life with fermentative 
processes, yet the ferments play an extremely important part in 
the mighty circulation of solar energy, which underlies the 
entire metabolism of all living organisms. The substances of 
which the structure of plants and animals is built up are never 
offered to it in the form in which they are present in living 
protoplasm, but must before their absorption into the protoplasm 
invariably undergo a change which we may describe as assimilo' 
tion in Hie widest meaning of tlie term. 

This assimilation is, in the main, brought about by two pro- 
cesses — synthesis and decomposition. Both are essential func- 
tions of every living organism. The extent and physiological 
importance, however, of these different processes vary in the 
(wo great primary divisions of the , organised world. Not that 
we are altogether justified in drawing a sharp line here, and 
definitely asserting that animals possess a pre-eminently de- 
structive, and plants a pre-eminently constructive metabolism. 

For the biological importance of a process does not depend 
upon its course. The synthetic construction of its protoplasm out 
of the plant-albumin conveyed to it in a suitable state of pre- 
paration or of its glycogen from foreign carbohydrates is just as 
indispensable to the animal, as are, on the other hand, respiration 
and the nourishment of the germ — processes accompanied by 
decomposition — to the plant. It is only when we compare the 
complete course of both processes, and measure it in arithmetical 
terms of the transferred energy, that we naturally come to the 
conclusion that a constructive endothermic metabolism, involv- 
ing an expenditure of force, predominates in plants, whereas in 
the case of animals an exothermic metabolism predominates. 
And only in this sense can we retain the notion that the plant 
«tores up the force brought to it in light and heat ; whilst the 
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animal transforms this potential energy into kinetic energy — 
motion, heat, &c. It is true that the plant alone possesses the 
capacity inherent in its vital process and bound up with its 
chlorophyll system of evolving from simple substances com- 
pletely devoid of energy, such as water, carbon dioxide, 
nitrogen, and inorganic salts, those complex substances which, 
in turn, afford a substratum for all further metabolic transfor- 
mations. But apart from that, these substances show the same 
mode of transformation both in animals and plants. In the 
first place the insoluble highly complex substances which are of 
no value for tfie cell, such as proteins, starch (and cellulose) and 
fats are broken up with the formcuion of simpler substances (first 
phase), and these, according to their physiological destination, 
are transformed by a fresh construction into the constituents 
of the protajylasm,^ or are further split up to give the kinetic 
energy required for heat, light, and electricity, «fee- (second 
phase). Whilst, now, this second class of construction appears 
in a specially pregnant form in the case of animals, buc is of 
less importance in the case of plants, the first phase, on the other 
hand, is a process of decomposition into such products as can be 
formed into protoplasm by a new process of construction, and 
this new construction itself is a biological process of equcd im- 
portance to plants and animals. In both we find the resolution 
of complex, non-utilisable substances into simpler compounds, 
and the assimilation of these simpler soluble compounds by the 
protoplasm. 

Although we are now justified in assuming that the capacity 
for absorbing soluble substance, with a fiosation of emrgy, is a 
prerogative of the living cell, and that t^ alone has the power of 
effecting such endothermic processes, yet ferments play a very 
important part in the first phase, the preparation by meavs 
of decomposition of the substances to be assimilated. It is 
primarily their work to induce exothermic decomposition 

^ From the protoplasm are then produced by secondary deoompositions» 
which are in the main of a constructive character, all those chemical sub- 
stances which have to fulfil some function or other of known or unknown 
character outside the protoplasm — bones, colouring matter of the blood, 
pigments, wood, ethereal oils, alkaloids, &c. 'Ihese processes do not 
concern the problem before us. 

* According to the view of Kassowitz {Ally. Bid,, Vienna, 1S99) even 
this decomposition for the purpose of producing energy only takes place 
{by metabolism) after the absorption into the protoplasm. He thus assumes, 
speaking of it as a classification, that there is not a divergent subdivision 
of the second phase, but a simple absorption by the protoplasm, which is 
then followed oy a third phase (the decomposition of the protoplasm). 
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processes which render complex nutritive substances soluble 
and capable of being absorbed by the protoplasm. 

And so we need not be surprised at finding ferments wherever 
there is life. Passing upwards from the insignificant bacterium 
and the strange Myxomycetes, through the entire vegetable and 
animal kingdom, to the highly-organised flowering plants and 
the mammalia, we find everywhere their important activity. 
Whilst the various necessary ferments are mingled all together 
in the juices or sap of certain forms of life, we find in the higher 
organisms special organs to which they owe their production. 

Thus unicellular and higher living organisms alike are 
capable, with the aid of their ferments, of so preparing the 
albuminous substances, carbohydrates, and fats which are oifered 
to them as foods, that they become assimilable substances. 

Let us consider, for example, the process in the case of a higher 
animal. The activity of the ferments of digestion begins even 
in the mouth; the non-utilisable starches are here partially 
converted into soluble sugar. This process stops immediately, 
or soon after, the food has been taken into the stomach. Here, 
on the other hand, commences the decomposition of the proteids 
by pepsiuy which is assisted by the preparatory coagulation of 
milk by rennet. The most pronounced alterations of the foods, 
however, first occur in the intestine. Here the fatii are decom- 
posed, the decomposition of cdhuminous substances completed, 
and the carbohydrates which have been eaten, converted by 
various ferments into resorptionable mono-sacch arides (glucose, 
galactose, fructose). 

We must conceive a perfectly analogous process to occur in 
the case of plants. It is quite possible that plants build up 
synthetically a part of their assimilated substances from the 
simple food material only to the point at which it becomes 
directly resorptionable, producing, for example, sugar by direct 
synthesis ; of this we are ignorant.^ 

It is certain, however, that in periods of excessive production, 
when constructive processes develop in the sunlight, a large 
proportion of these processes continues to such an extent that 
higher products are formed, which are nob assimilable without 
undergoing fresh decomposition, and these products the plant 
partially draws upon, with the aid of its ferments, even at 
periods of defective assimilation {e.g.^ at night), for absorption 
into its cells or for the production of vital energy, or stares tliem 

^ The fact, however, that starch is only a reserve material — i.e., that a 
large proportion of the sugar is used immediately after its synthetical 
formation, says, much for this view— especially in the case of carbohydrates. 
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up in its reproductive organs. The embryo plant, which, when 
separated from the parent plant and thrown upon its own 
resources, must begin its new existence in a soil which affords it 
nothing except water and nutrient salts, is provided with a rich 
store of reserve food-materials, which are designed to support 
it until the formation of its own chlorophyll system insures 
its independent existence. These food-materials — albuminous 
substances, starch, cellulose, and fats — are, however, useless to 
the embryo in the form in which they are offered. In order to 
utilise them, the embryo plant makes use of ferments which 
convert them into serviceable substances. 

A perfectly analogous course appears to be followed by 
embryo animals whose development commences in the egg, 
apart from the parent organism, as in the case of birds, &c. 

It is a most interesting fact, and one which has been confirmed 
in the most divergent cases, that ferments are produced by the 
cell exclusively, or at any rate to a preponderating extent, when 
they are required — i.e., when no more food-material is available 
without further treatment. 

Thus Brown and Morris^ explain the fact that the diastase- 
supply of leaves is greatest in the morning and decreases during 
the day, by the assumption that during the assimilation in sun- 
light, in which sugar is directly formed, the production of 
diastase ceases as superfluous; in fact, diastase is directly 
destroyed by light. (See Diastase.) 

Moreover, the quiescent seeds of plants contain little or no 
ferment. The embryo has not yet come to life, and there is no 
need for the transformation of the stored-up reserve-material. 
But, as soon as germination commences, the necessary ferments 
are forthcoming. The embryo then forms for itself the sacchari- 
fying, proteolytic, fat-decomposing, and cellulose-decomposing « 
ferments which it requires to render available the supplies with 
which it was endowed.^ Brown and Morris^ showed that the 
barley-embryo produced no diastase, when sugar, which it could 
absorb directly, was placed at its disposal. Speaking generally, 
diastase is only met with in plants in those parts in which 
starch "wanders;" in the case of potatoes, for instance, almost 
exclusively in the germinating tubercles and in the leaves (A. 
Mayer*). 

In like manner the mould-fungi produce no ferments so long 

^ Brown and Morris, Joum, Chem. Soc,, Ixiii., 604, 1893. 

2 VidCj e.g., Hansen, Arb. hot. Jnst. Wurzh., iii., 285. 

3 Brown and Morris. Joum, Ch^m, Soc.^ Ivii., 395, 1890. 
* A. Mayer, Chem. CerUrbl., 1900, i., 824. 
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E8 they are grown on media from which they can directly snpply 
their wants ; but they immediately develop proteolytic enzymes 
when they are cultivated on a culture - medium containing 
albumin, dicutase when they are supplied with starch, and so 
on. Moulds grown upon culture-media containing tartaric acid 
and starch only develop diastase when the tartaric acid has been 
utilised. Naturally, invertase is also found in yeast which is 
grown in a solution of glucose.^ According to Auerbach,^ 
bacteria grown on glucose do not form proteolytic ferments, and 
the same remark applies to emulairiy according to Fermi and 

MONTISANO.^ 

According to van Tieghem,^ the Bacillus amylolacter does not 
attack cellulose until no other source of carbon is placed at its 
disposal. 

Very similar properties are possessed by yeasts^ which can be 
accustomed to food substances for which they are not properly 
adapted; they "learn," however, eventually to produce the 
suitable enzymes ; Dienert^ in particular, has made interesting 
experiments of this kind. (See Alcoholic Fermentation,) 

Cl. Bernard^ mentions an analogous instance in the animal 
world. The larvae of Musca luciliay a common fly, contain much 
glycogen, but no ferment that decomposes it (diastase). But, as 
soon as the larvse pass into the stage of chrysalids, in which 
they consume the stored-up glycogen, a diastatic ferment is 
found in them. 

And not only is the secretion of suitable enzymes developed 
by a physiological stimulus, but the enzymes themselves become 
adapted to the conditions of their environment. Thus it happens 
that enzymes of organisms which have specifically the same 
action, and which we group together under a common title, are 
yet found to vary with their different origin, especially when 
the organisms producing them exist under different conditions. 
Thus the various invertases, maltases, and emulsins show con- 
siderable differences in their behaviour towards acids, alkalies, 
salts, poisons, and changes of temperature. We will give the 
details when describing the individual ferments j ^ but may here 
jttst refer to two very characteristic cases. 

The pepsin of the stomach of ujarm-blooded animals becomes 

* Vide, e.g.. Wortmann, Z. ph, Ch., vi., 306. 
' Auerbach, GerUralU, f. Bad. , 2nd Part, iv. 

' Fermi and Montisano, Apoth. Ztg.j 1894, 53.3. 

* Van Tieghem, quoted by De Bary, Vorlesgn. üb. Bacterien, Leipzig, 
1885, 65. 

' Cl. Bernard, Bevue Scienti/,, 1873, 515, quoted by Schützenberger, loc. 
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inactive as low as 10** 0., whereas that of thefrog is still active 
at O'* C. 

In a perPectly analogous manner the invertoae oi top-fermentation 
yeasts, which are accustomed to relatively high temperatures, has 
a working optimum, which is about 25** G. higher than that of 
hotiom-ferrnentcUion yeasts — a tem|)erature at which the latter 
invertase is destroyed fairly rapidly. 

Ferments, however, are Ibrmed not only when food-substances 
are actually present, which should satisfy the need of food, but 
also when there is the same physiological stimulus, but do 
means of satisfying it — i.e,, in a state of hunger. 

It has frequently been observed that mould-fungi are specially 
active in producing ferments when they have been deprived of 
food (Fbrnbach*). 

They also use these, of course, to pre[>are the food -material 
stored up in their cells, but their development must without 
<loubt, as a rule, be attributed, by parity of reasoning, to the 
want of directly assimilable food. They are thus produced to 
a certain extent in anticipation, so as to be able to immediately 
act upon any new supply of food. 

The same explanation can also be offered for the fact that the 
digestive enzymes of higher animals, especially those of the 
Rtoniacli and pancreas, are found in the glands in the greatest 
abundance at periods furtlier removed from tlie last meal, or in a 
fasting condition (GrÜtzner, see Pe^mn, &c). 

We see then from all this what an important part is played 
by ferments in the vital economy of organisms, and we can only 
agree with Nasse ^ in regarding fermentative processes as an 
essential part of vital processes. Their main function is to 
render non-utilisable food-substances assimilable. Although it 
is also possible, as Guabrie' assumes, that the changes in 
osunotic ])ressure of the liquids, which must be formed during 
the breaking up and increasing of the molecules, play a part in 
the process, yet it cannot be a very considerable one. 

I must, however, here again lay stress upon the point that 
important as are the processes for the vital process, yet they 
have only a subordinate significance ; and although the organism 
cannot eibist without them they must nevertheless in theory be 
rigorously separated from sptcific vital processes, inasmuch as 
the same phenomena can be produced apart from life in a test- 
tube. In spite of the biological importance of the enzymio 
actions, they must certainly not be regarded as biological any 

^ Femhaoh, Ann, Inst. Pasteur, 1890, 1. 

«Nasae, Pflug. Arch., xi., 163. *Chabri^, C. B. 8oe. Biol., 1898, 105. 
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more than the circulation of water, which is equally a funda- 
mental biological condition for all organisms, can be spoken of 
&s a phenomenon of the vital process. 

Distribution of Ferments in Nature. — We have already briefly 
referred to the universal distribution of ferments. In fact, they 
can be detected everywhere in the organised world, so that we 
can regard them as a constant concomitant phenomenon of life. 

lU' the lowest organisms, the bacteria, ferments of the most 
diverse kind are found, particularly proteolytic, diastatic, and 
(more rarely) inverting ferments (Fermi ^). Krukenbero dis- 
covered a proteolytic ferment in Fvligo septica ; in yeasts there 
are undoubtedly present, in addition to zymase, all the sacchari- 
fying ferments, as well as proteolytic ferments. In the mould- 
/unyi and also in higher fungi numerous ferments have been 
discovered, notably through the researches of Boubquelot and 
his pupils ; in the sap and organs of higher plants, in their 
leaves, flowers, &^., they are found not less widely distributed. 

They have been systematically sought for in the organs of 
lower animals, notably by Krukbnberg, and in insects they have 
been found by Basch, Eblenmeter, Biedermann, and others. 

Fishes, again, have been examined for ferments by Kruken- 
BERO, who has been able to detect them both in the mouth and 
intestines. 

In amphibia ferments were found by FiCK and others. 

"The ferments of mammalia have naturally been the most fully 
investigated. Ferments have been found in them, not only in 
the organs specially adapted for their production, but distri- 
buted throughout the body in all the tissues and juices (of 
tissues). The saccharifying ferments, in particular diastase, &c., 
Are almost ubiquitous in their occurrence in the tissues, since 
they have been found not only in the spleen, kidneys, liver, &c, 
but also in the blood, lymph, and secretions, urine, stoeat,^ &c. 
They could also be detected in pathological growths, in the 
sputum of those suffering from lung diseases (Fi lehne), in 
exudations (Eichhorst), and in the fluid from cysts (v. 
Jaksch). 

They are also found widely diflused in the growing organism. 
The biological significance of the ferments of germinating seeds 
has already been mentioned. The diastase of germinating barley 
was the first generally recognised diastatic ferment (Payen and 
Perboz). Subsequently proteolytic (by Gorup-Besanez), fat- 
decomposing, glucoside-decomposiug, and other ferments were 



^ The bibliography is given in the special part. 
«♦Gaube, C.R, Soc. md,, 1891, 116. 
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also found in seeds. The existence of proteolytic and diastatic 
enzymes in the hen^s egg is very probable. 

Moreover, fermehts have also been discovered in the embryos 
of animals and of man. Langendorff ^ has closely investigated 
this question. He found them in all the embryonic mammalia 
and birds which he examined, although characteristic differences 
appeared. Whilst trypsin could be detected in all at a very 
early stage, pepsin was altogether absent before birth in Carni- 
vora, though it was formed at a relatively early period in herbi- 
vorous animals. Diastase was found at an early stage in the 
pig, rat, and ox, but did not occur before birth in man or in 
rabbits. The first occurrence of ferments in general in the 
embryo of the pig was observed when the animal had attained a 
length of 120 mm. As regards the development of the ferments 
of the pancreas, Dahl^ has established the fact that trypsin is 
formed first, then lipase^ and finally diastase. 

The Fate of Ferments in the Organism. — The normal fer- 
ments of the organism are partially resorbed in the course of 
their activity into the intestines, and pass in small quantities 
into the urine. Another part is excreted with the fsaces. 
Gehrig' and Schnappaup,* however, support the view that com- 
plete active pepsin does not pass into the circulation, or if so 
only to a small extent, but is rather resorbed directly from the 
gland as zymogen. Moreover, a large proportion is not separated 
from the body ; it is thus either destroyed somewhere or other 
in the organism or withdrawn again into the secreting glands. 

In the urine pepsin, diastase, and rennet have been identified 
with certainty; the occurrence of trypsin under normal con- 
ditions is doubtful. 

A large part of the ferments, however, is rendered at least 
inactive in the digestive canal ; but whether or not they are 
destroyed cannot be definitely stated. 

Through the researches of Langley ^ it has been proved that 
although saliva-diastase remains active in the stomach for a con- 
siderable time, yet it finally becomes completely inactive. The 
pepsin and rennet of the gastric juice are rendered inactive or 
destroyed by the alkaline intestinal secretions ; this is a physio- 
logical necessity, since otherwise the pepsin would interfere to 

^Langendorff, Du Bois A. f. Phys., 1879, 95. (Contains a complete 
bibliography of the older literature. ) See also in the special x>art. 
«DÄ1, Dm«. Dorpat, 1890, quoted in Centralb.f. Physiol., 1891, 309. 
•Gehrig, Pßiig. Arch., xxxviii., p. .35, 1886. 
^ Schnappauf, Beitr. Phytnd. des Pepsins, Diss. Rostock, 1888. 
^Langley, Joum. of Physiol., ill., 246. 
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a great extent with the action of the trypsin. Kühne also assigns 
an important function in rendering the pepsin inactive to the 
acids of the gall, and explains the digestive disturbances Tvhich 
are produced by a stoppage of the gall-ducts leading to the in- 
testine (in jaundice, &c., or by fistulas) as partly due to the 
cessation of this function. 

Trypsin and the other intestinal ferments are asserted by 
Langley to be destroyed by the acids formed in the putrefactive 
processes in the intestine. 

The organism, however, must have the means of disposing of 
ferments which are introduced into it in an unusual way. To 
what extent they are destroyed, and to what extent, on the other 
hand, they are only rendered inactive or, perhaps, converted to 
their physiological function again, we are unable to form a con- 
clusion. 

Thus Bi^CHAMP and Baltus^ observed that when diastase 
was injected into the veins it only passed partially into the urine. 

Schnappauf ^ could not detect any increase in the normal 
amount of pepsin in the urine, after the subcutaneous injection 
of pepsin, 

HiLDUBRANDT^ was able to prove that emulsin subcutane* 
ously injected was notf as a rulsj excreted with the urine. The 
organism thus completely destroys a foreign ferment. By the 
fact that the introduction of amygdaUn caused prussic acid 
poisoning so long as emulsin was present in the body, Hilde- 
BBANDT was able to show that six hours after the injection a 
sufficient quantity of the ferment was still present to cause the 
poisoning of the rabbit used in the experiment. He was also 
able to prove that the ferment passed into the blood, but was 
destroyed more rapidly there. Active ferment was also present 
in the spleen, pancreas, and specially the Ivoer^ as also notably 
in the connective tissue and the lymph glands near the point of 
injection. The ferment of the parenchymatous organs had no 
action upon the amygdalin circulating in the blood, and thus 
appeared to be attached to the cdlsy a fact of great interest for 
the explanation of the poisonous action of ferments mentioned 
above. The observed injurious action of the bloodnserum on 
ferments in vii/ro was also found by Hildebrandt to hold good 
in the case of rennet within the living animal. From all these 
results it follows that ferments under all conditions are to a 
great extent destroyed in the organism. 

^B^bamp and Baltus, C.R,^ xc(., 373, 539. 

'Schnappauf, Beitr, z. Physiol, und Pepsiiif^ Diss. Rostock, 1888« 

"Hildebrandt, Virch, A., oxxxi., 12, 1893. 



Digitized by 



Googk 



84 



SPECIAL PART. 
A. THE HYDROLYTIC FERMENTS. 



CHAPTER IX. 

THE PROTEOLTTIC FERMENTS. 

The proteolytic ferments possess the power of decomposing 
albuminous substances in a definite manner, and converting 
them into simpler substances. As to the nature and method of 
these processes nothing definite can be asserted, since the con- 
stitution not only of the genuine albuminous substances, but 
also of some of the decomposition products is very obscure. 
We have therefore to be content with isolating the final pro- 
ducts of these fermentative processes, and determining as far as 
is possible their chemical nature. 

The proteolytic enzymes are divided into three main groups. 
The enzymes in the first group, of which the most important 
representatives are the pepsin peculiar to the stomach of verte- 
brate animals, and the ferments analogous to it, act very 
energetically upon the albumin molecule ; they produce sub- 
stances of as yet unknown nature — cUbumosee and peptones. As 
a rule, they are only active in dilute acid solutions. The 
enzymes of the second main group, represented by trypsin^ 
which are, moreover, active in neutral or dilute alkaline 
solutions, decompose the albumin molecule in a very energetic 
manner, almost corresponding to the decomposition efiected by 
strong chemical agents ; the products which result are relatively 
simple, are for the most part of known composition, and have 
been synthetically prepared. They consist, in the main, of 
nitrogenous substances, such as amido acids and the so-called 
hexone bases, A sub-group of these proteolytic ferments stands 
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midway between the two preceding groups. Its most important 
representative is papain. The third group of the albumin- 
changing ferments contains the coagulating enzymes, which 
probably also act hydrolytically, and to which belong rennet and 
the hypothetical fibrin fermerU, The coagulating ferments also 
include the but little investigated pectase. Naturally the pro- 
teolytic ferments play an important part in the metabolism of 
animals and also of plants. In animals they are a secretion of 
the digestive glands ; they are accordingly found in the liquid 
of the digestive tract ; the ferments, of which pepsin is the type, 
having their seat in the stomach and performing there to a 
certain extent the preliminary work, whilst subsequently the 
tryptic ferments of the pancreas continues the further decom- < 
position in the intestine. Speaking generally, later investiga- 
tions show that the proteolytic enzymes are extremely widely 
distributed not only in the animal kingdom, but also through- 
out the vegetable kingdom. 

According to Fermi ^ pepsin is to be regarded as only a modifi- 
cation of trypsin, caused by the acidity of the medium, and 
subsequently appearing phylogenetically as trypsin. As against 
this view, however, we have not only the totally different 
activity of the two ferments, but also, as far as our scanty 
results go, their material difference. 

In general, they are stated to only act upon dead protoplasm, 
whilst they leave living cells intact. Fermi ^ states that living 
Amoebce, Schizomycetes, and moulds are not attacked by pepsin. 
In his opinion this resistance of the living protoplasm to the 
ferments of digestion affords the explanation why the living 
mucous membrane of the stomach does not digest itself, whereas 
immediately after death the auto-digestion commences. From 
this point of view he vigorously attacks the statements of 
Hildebrandt and Kionka as to the deleterious action of fer- 
ments on living tissue (see General Part), yet the latter appear 
to be right in regarding ferments as actually violent poisons to 
the protoplasm, and their conclusions apparently deal a heavy 
blow against Fermi's theory of the resistance of the living 
mucous membrane to pepsin. 

Pepsin. — The fact that an important part in digestion is 
assigned to the stomach was known to the physicians of old ; at 
a very early period it was perceived that the acid of the stomach 
alone was not sufficient to digest food-substances, but that, in 
addition to this, a ferment, a substance similar to the active 

^Claudio Fermi, Arch, iuü, d, Biolog., 1895, 433. Cf. Centralb, J, 
Physiol, y viii., 667 ; ix., 57, 1896. 
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principle of alcoholic fermentation, cooperated (van Helmont ^). 
The importance of the gastric juice of the glands of the stomach 
-was first recognbed by Borelli. H^aumur ^ then proved that 
gastric digestion was independent of the mechanical power of 
the stomach, but that the food-substances underwent rather a 
chemical change through the influence of the gastric juice, and 
established the solvent action of the gastric juice on vegetable 
foods. Next came the classical investigations of Spallanzani,^ 
who clearly demonstrated the difference between the phenomena 
of alcoholic fermentation, putrefaction, and gastric digestion, 
and was the first who was able to show digestive processes 
oiUside the body. At this point, then, begins the history, 
• properly so-called, of the peptic ferment, which now, for the most 
part, proceeds in close connection with the history of gastric 
digestion. Beaumont investigated the processes in the stomach 
by direct observation in a case of traumatic fistula of the 
stomach ; Prout and Tiedemann and Gmelin discovered inde- 
pendently the hydrochloric acid in the stom8u;h. 

An important step towards the discovery of the ferment was 
made by Eberle,^ who was the first to prepare artificial gastric 
juice, and thus gave rise to the classical work of Schwann,^ who 
attributed gastric digestion to a ferment, to which he gave the 
name of pepsin. He showed that this ferment did not belong, as 
Eberle had assumed, to the mucus, therefore being present in all 
mucous membranes, but that it was exclusively a product of the 
mucous membrane of the stomach. Schwann did not succeed in 
isolating the ferment itself, nor, up to the present time, has any- 
one been successful in separating pepsin as a chemically pure 
substance, so that its properties can only be studied in approxi- 
mately pure preparations. Schwann himself had obtained a 
preparation containing pepsin by precipitation with mercuric 
chloride and decomposition of the precipitate; Wasmann^ 

^ For the older literatnre on our knowledge of gastric digestion, see, 
inter alios, Garogee, Physioloffische Chemie der Verdauung, translated 
into German by Asher and Beyer. Leipzig and Vienna, 1897» 61, &c. 

^ R^umur, M^. de VÄcad, des Sciences, 1752, 461. 

' Spallanzani, Versuche üb d, Verdauungsgeschäß, German translation 
by Michaelis. Leipzig, 1785. 

* Eberle, Physiol, d, Verdauung auf natürlichem und künstlichem Wege,, 
Wünbnrg, 1834. 

f Schwann, MvUer^s Archiv,, 1836, 90. Cf, Joh. Müller and Schwann, 
ibid, 66, and the dissertation by Gerson, Berlin, 1835, De Chymificatione 
artefidosa, quoted there. 

< Wasmann, De digestione ammali, Dias., BerUn, 1839. Quoted verbaüm 
in Hermann's Handbuch d. Physiol,, v., Pari ii., 44. 
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obtained a solid active preparation by a similar proceeding, and 
precipitation of the filtrate with alcohol. By mechajiical pre^ 
cipitation with freshly precipitated calcium phosphate, dissolying 
the precipitate, re-precipitating with cJyolesterin and extracting 
the Cholesterin with ether, Brücke^ obtained a solution of 
pepsin, which, like the others, was net pure. Subsequently, ▼. 
WiTTiCH * made use of the property possessed by most enzymes 
of dissolving in glycerin for the preparation of pepsin solutions, 
from which he could precipitate the pepsin with alcohol. To 
purify it he also employed dicdysis, following the example of 
Krassilkikoff,^ since pepsin does not diffuse through animal 
membranes and parchment paper. To prevent putrefaction, it 
is necessary to add thymol or to keep the dialysed liquid acid. 
In like manner Malt,^ by precipitation with calcium phosphate 
and dialysis, prepared a solution of pepsin. Other methods 
have been employed by Lehmann,^ C. Schmidt,* Frerighs,^ and 
others. By simply cooling gastric juice to 0° C, Frau Schoumow- 
SiMANOWSKi^ obtained a solid product, which represented pepsin 
similarly contaminated to a very great extent with albuminous 
substances. In a similar manner, by dialysing fresh gastric 
juice, Pekelharing^ obtained a body of a nucleo-proteid charac- 
ter, which was stated to be an exceedingly active pepsin. It 
split up into a substance containing phosphorus and an albu- 
minous body. In Pekelharing's opinion, pure pepsin must 
be regarded as possessing a nature resembling that of a nucleo- 
proteid. 

The Secretion of Pepsin. — There has been much controversy 
on the question of the source from which pepsin is produced. 
The main points discussed are whether only the fundus glands of 
the stomach produce pepsin, or also the so-called mtic&us glands 
of the pylorus ; further, which cells of the fundus glands are the 
place where the pepsin is formed. One group of investigators 
supports the view that the chief cells of the fundus glands are 
physiologically homologous with the mucous glands, and that 
both effect a secretion of pepsin, whilst only the production of 

1 Brücke, Vorleag, üb. Physiol., 1874, i., 294. 

2 V. Wittich, Pflüg. A., ii., 193; iii., 339. 
» V. Wittich, ibid,, v., 435. 

* Maly, Pflüg. A., ix., 692. 

» Lehmann, Ber. d. sacks. Ots. d. Wisa., 1849, 10. 

* Bidder and Schmidt, Verdauungssqfte, 45. 

' Frerichs, Verdauung, iii., 782; quoted by Brücke, Iwh dL 

* Sohoumow-Simanowski, A. exp. PcUh,, xxxiii., 396. 

* PekeLharing, Z. f. physiol. Ch,, xxii., 1896-97. 
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acid is assigned to the parietal cells (Heiden hain,^ Fick,^ and 
specially Ebstein ^ and his pupils). 

The others, on the contrary, regarded the parietal cells as the 
seat of the formation of pepsin (Edingbr*) in fish (Nussbaum^), 
or at least denied any part in the process to the pylorus glands 

(KÖLLIKER,^ DONDERS,^ FRtEDlNGER,^ WOLPFHÜGEL,^ and, above 

all, V. WiTTiCH^®). Nussbaum {loc, cit,), it is true, admitted that 
the region of the pylorus mis;ht generate pepsin, but contended 
that eyen there the parietal cells were the pepsin-producers. 
He further pointed to the fact that in hibernating animals 
the parietal cells partially disappeared when digestion ceased. 
V. WiTTiCH had at first obtained an inactive glycerin extract 
from the region of the pylorus, and when Ebstein showed that 
the pylorus region by itself produced a secretion containing 
pepsin, Wittich and his co-workers replied that the pylorus 
part did not in itself contain pepsin, but absorbed it from the 
fundus glands; and that thus the pepsin appeared in the 
extracts from the pylorus. Even now this point has not been 
settled beyond doubt, although there is much to be said in 
favour of Ebstein's view. Important results were obtained 
from the examination of the stomach of frogs, v. Swiecicki " 
found that there the pepsin was mainly formed in the cUimentary 
ccmaL by glands which were analogous to the chief glands of the 
stomach, whilst in the stomach itself an acid secretion was 
formed by glands similar to the parietal cells — which was 
altogether denied by Frankel.^^ Sewall ^* found only parietal 
cells in the fundus glands, and no pepsin in the case of young 
embryos of the sheep ; not till a later period did the chief cells 
also appear, and then pepsin was found, but otherwise he as- 
sumed that the pylorus produced no pepsin. Klemensiewicz ^^ 
succeeded by means of an operation in obtaining from the living 

^ Heidenhain, A.f, mihr. AiuUomie, vi., 368. 

2 Fick, Verh, d, Würzb. phys, med. Ges., 1872, 121. 

•Ebstein, A, f. mihr. Anai,, vi., 515; Brunn and Ebstein, Pflüg. A., 
iii., 565; Ebstein and Grützner, Pflüg. ^., vi., 1 ; ibid., viii., 122, 617; 
xvi., 106. 

* Edinser, A. /. mihr. Anal., xiii., 651. 

* Nussbaum, A.f. mikr. AnoU., xiii., 721 ; xv., 119 ; xvi., 532. 
' * Kolliker, quoted by Ebstein, loc cU. 

7 Dondera, Physiol., 1856, 208. 

8 Friedinger, Süzb. d. Acad. d. Wiss. Wien, 1871, 325. 
» Wolffhügel, Pflüg. A., vii., 188. 

" V. Wittich, PfliUf. A., v., 434. vii., 18; viii., 444. 

" V. Swiecicki, Pflüg. A., xiii., 444, 1876. 

w Fränkel, Pflüg. A., xlviii., 63. " Sewall, Joum. of Physiol., i., 321. 

^* Klemensiewicz, Sitzb. d, Aead. d. Wies. Wien, Ixxi., Part iii., 24. 
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animal pure pylorus juice, Tehich had an alkaline reaction, and 
after (acidification with hydrochloric acid showed peptic (ictvoity, 
Hbidbnhain ^ has confirmed these results, as has also Aker- 
MANNy' whilst GoNTEJBAN ^ contests them. 

Finally, mention should also he made that according to Fick^ and Nuss- 
BAÜM ' the pepsin of the pylorus tract hehavea very differently to that of 
the fundus gUnds, producing much more parapeptone {vide xnfra) in an 
analogous manner to the isopepsin of Finkler {vide infra). 

The secretion of pepsin by the stomach is not perfectly 
constant, but varies considerably. 

Normally it depends upon the introduction of food, but the 
rate of the conversion of pepsinogen into the active ferment is 
influenced by the acidity of the gastric juice. Roth® draws a 
distinction between hyperpepsia^ in which abnormal amounts of 
ferment are present, and hypopepsia, in which there is a very 
sparse occurrence of- ferment. He found the former specially 
in cases of tUciLS ventriculi and the latter in carcinoma and chronic 
gastritia. 

Pepsinogen. — Ebstein and Grütznbr^ had already shown 
that it was probable that the actual secretion of the glands of 
the stomach was not pepsin itself, but an unstable intermediate 
compound. They found that this intermediate substance was 
not extracted by glycerin, so that glycerin extracts of the 
mucous membrane of the stomach were less active than those 
made with hydrochloric acid, which converts pepsinogen into 
pepsin. Somewhat similar results were obtained by Chapo- 
tbautS and Podwissotski.® 

Lanolet ^^ then gave a convincing proof that such a zymogen 
actually existed and that it was directly visible in the granules 
of the chief ceUsy and also that the glands of the stomach con- 
tained no ferment during life, but ordy the zymogen. They are 
mainly distinguished from one another in their behaviour 
towards dilute alkalies and carbonic acid {vide infra). Dilute 
acids and the introduction of carbonic acid transform pepsinogen 
very rapidly into pepsin. 

* Heidenhain, Pflüg. A., xviii., 169. 

« Akermann, Sband ArcKf. Physiol., v., 134, 18Ö5. 
' Contejean, A. d. Physiol. [5], ix., 654. 

* Fick, Verh. Wärzburg phya. med. Qes. new series, ii., 122, 1872. 
' Nusshaum, Arch./, mikr. Anat., xiii., 721, &c. 

«Roth, Z.f. klin. Medic., xxxix., 1, 1900. 
^Ebstein and Grützner, Pflüg. A., viii., 127. 
«Chapoteaut, CB., 1882, xcix., 1722. 
' Pödwissotski, Pflüg. A., xxxix., 62. 
^^Langley, Joum. of Physiology, iii, 269. 
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B]£cHAM p ^ sees in these granules his remarkable microzymaiOp 
which he regards as organised forms. For further particulars 
of these reference must be made to his original work. 

Lanoley and Edkins ^ have subsequently given a method for 
the separation of pepsin and pepsinogen. 

Pepsin is found in the stomach of almost all vertebrate 
Animals ; only in the case of certain fishes is it wanting. With 
reference to the digestion of fishes, investigations have been 
published by Krukknberg^ and by Richbt.^ Kbukenbebg 
found more pepsin in the upper segment of the intestine, and 
more of a secretion of a trypsin character in the lower intestine. 

In certain herbivora — e,g.j rabbits — it occurs even in the foetus, 
whilst in Carnivora it is absent at birth. 

In ini^ert^aU animals enzymes of the nature of pepsin are 
also found. Basch ^ has discovered a product acting in a per* 
fectly analogous manner in the salivary glands of the common 
kitchen cockroach {Blatta orientalis), 

Krukenbero^ has examined numerous invertebrates of the 
most different classes with reference to their digestive enzymes. 
He only failed to discover them completely in the Ccdenterata ; 
in other cases he generally found them. (Summary loc. ot^, p. 
363). He also found pepsin in the yelk of egg^ in which pep- 
tones had also been found previously. 

As regards digestion in insects, researches have been 
made notably by Plateau, Frenzbl, Joüsset de Bbllrsme, 
BoucHARDAT,8 and Hater. ^ A thorough investigation of the 
digestive enzymes of Tenebrio molitor (meal-worm) has been 
made by Biedermann.^ 

Outside the stomach pepsin has been detected in Brunner's 
glands (Grützner), ^^ whereas the proteolytic ferments of the 
intestinal mticous membrane were entirely absent." It has, more- 

^B^hamp, Comptea Rendua, xciv., 1882, 582, 879, 970. Cf. Oautier, 
ibid., 9, 652. 

'Landey and Edkins, Joum. of Physiol. , vii., 371. 

' KruKenberg, Unters, a. d. pkysiol. Inst. HeideÜ>erg, ii., 385. 

*Richet, Archives de Physiol, x., 1882, 636. 

* Basch, Sitzb. Wiener, Acad., xxxiii., 1858, Math. Nat. CI., 255. 

'Kmkenberg, Unters, a, d, pkysiol. Inst. Heiddherg, ii., 1, 37, 261, 
338, 366, 402. 

' Kxiikenberg, ibid., 273. 

"Biedermann, Pflüg. Arch., Ixxii., 160; references. 

^ Hayer, Note additianelle sur la digestion chez les ins., Brussels, 1877 ; 
Z. physiol. Ch., ii., 208. 

"Grützner, Pflüg. Arch., xii., 288. 

^' Of recent work see Wenz, Z.f. Biol., xxiL, 1 ; Pregl, Pß^. A., in.» 
359; cf. Gamgee, Phys. Chem. d. VerdauwHf, 482. 
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over, been found in the urine (by Brücke,^ Poehl,' who only 
found it in mucilaginous urine, Tasulli,' Grutzner,* Sahli,' 
Gehrig,* Stadelmann,^ Hoffmann," and Bendersky;' and in 
pathological urines by Mya and Belfanti^^; also in the muscles 
(Brücke), in the saliva (Munk "), and so on. 

In diseases of the digestive tract it is said to be absent from 
the urine (Leo"). It has been found by Bendersky*' in sweat, 
together with aiastase, whilst trypsin is said to be absent. 
Peptonising agents, possibly to be attributed to a ferment 
resembling pepsin, were found by Poehl^^ in the kidneySj lungs, 
and, to a less extent, in the intestinal tissue. Hahn and Geret^' 
found a proteolytic ferment in the juice obtained from the tissue 
of the liver by Buchner's method, but it is questionable whether 
this ought not rather to be assigned to the ferments of the 
nature of trypsin. 

Properties of Pepsin. — The different preparations which are 
found in commerce under the name of pepsin differ according to 
their origin and preparation, both in properties and activity. 

KoKOWALOFF^' has tested the activity of various commercial peptones as 
compared with that of the pure gastric juice of a dog. A further examina- 
tion of commercial pepsins (28) has been made by VeiiTUBINI and Cotta.^^ 

It appears, however, that, apart from their degree of purity, 
the ferments behave differently^ not only in the case of different 
species of animals, but also in the case of the same animal — 1.6., 
as regards their activity in different acids. The pepsin of the 
dog is the most active (Klug," Wröblewski"). Moreover, Pick* 

1 Brücke, Voriesg. Ob Physiol., 1874, i., 295. 

^Poehl, Ueb. das Vork, m. d. Bildg, des Peptons ausserhalb des Ver- 
dauungs-apparaU, &c., Diss. Dorpat., 1882; ßiol. Centralbl,, iii., 252. 
See alro B. d. d. chem, Oes, , xiv. , 1355. 

»Tasulli, Maly's Jb., 1894, 289. 

^GrütEner, Breslaner ärzü. Ztsehr., 1882, 17. 

*Sahli, Pflüg. Arch., xxxvi., 209. * Gehrig, ibid., xxxviii., 35, 1886. 

y Stadelmann, Z.f. Bid. , xxiv., 266. « Hoflfmann, Pflüg. Arch. , xlL, 148. 

'Bendersky, Virch. A., cxxi, 554. 

i^Mya and Belfanti, Oazzetta degli Ospitali, 1886, 3, quoted in Ceti- 
SmM.f. Hin. Med., 1886, 449, 729. 
** »Munk, Verh. d. physiol. Oes. Berlin, 24 Nov., 1876. 
"Leo, Pflüg, Arch., xxxvii. " Bendersky, Virch, A., cxxi., 554. 

'* Poehl, üeb. das Vork. u, d. Bildg. des Peptons, &c., as above. 
" Hahn and Geret, Ber. d, d. ehem. Ges., xxxi., 2335, 1898. 
^ Konowaloflf, Maly*s Jb., 1894, 289 ; from a diss., Petersburg, 1893. 
^' Venturini and Cotta, BoUei. Chim. Farm,, xxxix. ; Chem, Centralbl., 
1900, L, 619. 
M Kluff, Pflüg. A., Ix., 43, 1895. 
» Wröblewski, Z.f, physiol, Gh., xxL, 1895. 
»Fick, VerKd, Wünä>,phfy9, med. Ges., W3, 121. 
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states, on the authority of experiments by Mubisieb, that the 
pepsin of the frog is active even at 0* C, whilst that of warm- 
blooded animals shows no activity below 10* C. According to 
later researches by Kluo,^ however, the pepsin of warm-blooded 
animals is also still active at 0* C, although but slightly so. 

Properties of Pepsin and Pepsinogen. — Pepsitiy which, as was 
mentioned above, is not yet known in the pure condition, is a 
substance of high molecular weight related to the albuminous 
bodies, though of completely unknown chemical constitution. 

The following analysis of pepsin is by Schmidt * : — 

= 53-0 per cent. N = 17*8 per cent. 

H = 6-7 „ O = 22-5 

It shows, in general, the usual properties of an enzyme. In 
its purest known condition it appears as a white or light yellow 
amorphous mass. It is soluble in water, dilute solutions of salt, 
dilute acids, and glycerin ; it is precipitated from its solution 
by an excess of alcohol. 

A solution of Brücke's pepsin (vide supra) gives no precipitate 
with the ordinary reagents for proteids, such as platinum 
chloride, mercuric chloride, tannin, and nitric acid ; but, on the 
other hand, is precipitated by normal and basic lead acetate. It 
gives a faint xanthoproteic reaction. Sundbeao,^ too, could not 
observe any albumin reactions in his pepsin preparations (c/!, 
however, Pekelharing, supra). 

Heating its solution to 55° to 57*^ 0. destroys the activity, as in 
the case of all enzymes (see, inter alios, Mayeb^); hydrochloric 
acid, certain salts, and also peptones raise the temperature of 
decomposition.^ In the dry state it resists heating up to 100° C. 

Tin kleb' also asserts that, hy gently warming at 60° C, he has effected 
a conversion of pepsin into iso-pepsin, which, in the digestion of alhumin, 
yields greater Quantities of parapeptone (anti-albuminate, vide if\fra) than 
does pepsin. We have here, doubtless, an incomplete decomposition of 
the pepsin. 

It is absolutely non-4iffusible through parchment paper 
(Hammarst]&n,7 Wolffhugel^), but diffuses through De la 
Rue's paper (Ferhi and Pernossi®). 

As is the case with most enzymes, it is mechanically carried 

1 Kluff, PßUg. A.y Ix., 65. 

^ Bidder and Schmidt, Veirdauunga9äfu, Milan and Leipzig, 1852, 46. 

' Sundberg, Z, physiol, Ch,y ix., 319. 

* Mayer, Z.f, Bid,, xvii., 361, 1881. 

' Biemaoki, Z, /. Biol,, xxvüi., 62. « Tinkler, Pfiiig, -4., xiv., 12a 

^ Hammarst^n, Mal^fa Jh., iii., 160. " Wolffhügel, Pflüg. A., vii., 18& 

^ Fermi and PemoBsi, Z,f, Hyg,, xviii., 105, 111. 
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down bj falling precipitates, especially by precipitates of 
albumin, but also, e.g., by calcium phosphate.^ 

It combines with hydrochloric acid to form a loose compound 

(v. WlTTICH^). 

In like manner it enters into combination with fibrin, so that 
it cannot be separated again by extraction with glycerin (v. 
WiTTicH, Ebstein, and Grützner^). This ready combination 
is used for the detection of traces of pepsin {e,g., in urine). 

Pepsin is very sensitive to the action of alkalies. Herzen^ 
states that alkalies render it inactive, but that carbonic acid 
restores its activity, which, however, is denied by F£RMI and 
P£RNOSSi.^ According to Kühne^ and Langley,^ pepsin is very 
rapidly destroyed by a 0*5 to 1 per cent, solution of soda, whilst, 
on the other hand, pepsinogen is fairly stable, or, rather, is 
destroyed much more slowly. Trypsin, according to Kuhnb,^ 
does not attack pepsin in a neutral solution. Langlby^ finds 
that trypsin accelerates the decomposition of pepsin by alkalies ; 
it also acts upon the zymogen. A similar statement is made by 
Mees.io 

The pepsin of the frog is more stable. In the presence of 
albuminous bodies the destruction of pepsin is retarded. It is 
gradually decomposed, even by carbonic acid. Pepsinogen is 
equally soluble in water and hydrochloric acid, but less soluble 
in glycerin when the latter does not contain much water. At 
about 55" 0. it loses its activity. Dilute acids and carbonic 
acid rapidly convert it into pepsin. Certain salts accelerate 
this transformation, whilst proteids, and specially peptones, 
retard it. 

THE ACTION OP PEPSIN. 

I. Methods of Identifying and Determining the Activity. 

We have no other means of identifying pepsin than the 
determination of its activity on albuminous bodies. A dilute 
solution of pepsin containing 0*1 to 0.2 per cent, of hydrochloric 
acid is allowed to act upon fibrin or egg-albumin, and the 

1 Brücke, VarleAg. iiJb Physiol., 1874, i., 2Ö4. 

* V. Wittich. Pflüg. ^4., 203. » Loc. cü, 

* Herzen, Annali dt Chim. e, Farm,, viii., 304, 1888. 
^ Fermi and Pernossi, Z.f, Hyg,^ zviii., 105, 11 i. 

« Kühne, Verh, ncUurh, med. Ker., Heidelberg, 1877, 193. 
' Langley, Joum. of Phys., üi., 246. ® Kühne, loc. cit, 
> Langley, loc. cü. ^^ Mees, Maly's Jb„ 1885, 269. 

Digitized by VjOOQ IC 



94 FERMENTS AND THEIR ACTIONS. 

arrosion (digestion) of the albumin — t.«., the amount dissolved — 
subsequently determined, and the decomposition products after- 
wards detected in the filtrate. 

In order to measure quantitatively the activity of pepsin the 
amount of undigested albumin is either weighed after a definite 
time of action (Bidder and Schmidt^ or the method of 
GfitiNHAGEN^ is employed. In this, fibrin is saturated with 
pepsin in hydrochloric acid, and the mass transferred to a filter. 
In proportion as the fibrin becomes liquefied the drops fall 
from the funnel, and the number of drops falling in a definite 
time afibrds a measure of the activity of the pepsin. 

An ingenious modification of this method, which makes it 
suitable, for instance, for a lecture demonstration has been 
proposed by Grützner.' He colours the fibrin to be placed on 
the filter with carmine^ so that the liquid then running through 
has a red colour, owing to the pepsin causing the red colouring 
matter to pass into solution with the fibrin. The reliability 
of this method has been called in question by Klug,^ who 
proposes instead a spectro-photometric estimation of the inten- 
sity of the biuret reaction. This method has since been 
modified by Mettr.^ Schütz® estimates the peptones polari- 
metrically; Schiff ^ by determining the specific gravity of their 
solutions. 

Mett^ places small glass tubes, 1 to 2 mm. in diameter, 
filled with coagulated albumin, in the liquid under examination, 
leaves the whole for ten hours in the incubating oven, and 
measures the length of the column of albumin dissolved. 

II. Influence of Eictemal Factors. 

The results of the investigations, so far as they concern the 
activity of pepsin are as follows : — 

Pepsin is not used up in digestion, nor does it increase in 
quantity (Brücke).^ 

^ See Ebstein and Griitzner, Pflüg. Arch,^ vi., 1. 

2 Grünhagen, Pflüg, Arch,, v., 203. 

3 Griitzner, Pflüg. Arch., viii., 452. 

•»Klug, Pflüg. Arch., Ix., p. 43. 

'Mette, Arch, des Sciences hiolog., 1894, i., 142 (not acoeesible to me). 

* Schütz, Z. physicl. Ch,, ix., 577. In Z. physiol, Ch., xxx., 1, he 
gives a more exact method. 

7 Schiff, Le^. de Physiol, de la Digestioii, Berlin, 1867, i., 402. 
^Mett, Diss. Petersburg, 1899. Quoted by Roth, Z. /. klin MecL, 
xxxix., 1, 1900. 

* Brücke, Sitzb. d. kaut. A bad. d. Wisft, Wien, xxivii., 131. 
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The digestive power of the gastric juice increases with each 
rise in the proportion of pepsin it contains (BRÜciiE,^ Maly,^ 
Ellenberger and Hofmbister,^ Kluq^), but only up to a certain 
limit (0*1 per cent.). Above that, any excess of pepsin is without 
effect. Croner^ finds that excessive dilution has a weakening 
effect in the case of small quantities of pepsin ; Mayer ^ state» 
that although the duration of the digestion is not inversely 
proportional to the amount of pepsin, it is yet influenced by 
it. As regards the relation of the temperature to the activity 
statements vary, but in general 40*^ 0. is regarded as the 
optimum. It is active in all acids, but the degree of concen- 
tration of these must be diflierent to produce the same results 
(Davidsok and Dieterich 7). The most effective acid is said 
^ be oxalic acid (Wr6blewski ^), but the statements on this 
point are extraordinarily at variance ; almost every investigator 
arranges them in a different order. In general, it is agreed that 
hydrochloric acid and lactic add are very suitable, and acetic add 
very unsuitable ; ^ the worst of all is propionic add, according 
to Stutz KR,i® who, on the other hand, found malic add and 
formic acid to be very effective. Boric add is without influence 
(Hehner^i). For hydrochloric acid the best concentration ia 
05 to 0-6 per cent. (Klug*). 

Certain salts have a restrictive influence on peptic digestion, 
e,g,, common salt^^ ^nd ammonium sulphate (Grützner,^* A» 
Schmidt, ^* Klug, * Mann ; ^ this is also the case with chloro- 
form (Bertbls ^^), though only in considerable quantities, whilst 
small amounts have a stimulating effect (Dubs ^7). Similarly,. 

^Brücke, Vorleag, iiber Physiol., i., 289. 

^Maly in Hermann's Haindbuch d, Physiol. [5], ii., 83. 

'Ellenberger and Hofmeister, Arch. /, wiss. u. pract. ThierhtUky 
1883, ix., 185. 

*Klug, Pfiüg. A., Ix., 52 ; ibid., Ixv., 330. 

*Croner, Virchcw's Arch., cL, 260. 

«Mayer, Z,f. Bid., xvii.. 351, 1881. 

'Davidson and Dieterich, Müller- Reichert's Arch. f. Physiol., 1860^ 
690. 

8 Wpoblewski, Z.f. Physiol, Ch., xxi., 1. 

* The literature on this point, so far as it is not given here, will be found 
in Klug, Junr.'s, pa^r, I^üg. A., ex v., 330. 

^<> Stutzer, Landmrthsch. Versuchsstat, xxxviii., 267, 1891. CJ., how- 
ever, N6käm (Maly*s Jh., xx., 250), who asserts the opposite. 

"Hehner, Amdvst, xvi., 126, 1891. 

^^This is again denied by Stutzer, loc. dt., 262. 

"Grützner, Pflüg. -4., xii., 280. 

1* A. Schmidt, Pflüg. A., xiii., 93. 

^Mann, Diss. Erlangen, 1897. *• Berteis, Virch. A., czzx,, 49. 

''Dubs, Virch. A., cxxxiv., 519. 
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cXcohol in low degrees of cencentration (up to 10 per cent.) is 
without influence, whilst in a 20 per cent, solution all digestion 
«eases. On the other hand, heer^ even when containing less 
than 3 per cent, of alcohol, has a strong restrictive action, and 
this is not to be ascribed to ihe hops, since wine has the same 
effect (Büchner ^). Carbonic add, too, has a retarding influence 
{ScHiERBECK^), as also has aa^icharin (Stutzer^), and the same 
is true of infusions of tea and coffee (Schültz-Schültzenstein,^ 
Fräser,^) ; but Wröblrwski ^ showed that this was only due to 
the tannin, whereas caffeine and theobromine, on the contrary, had 
an accelerating action; on the other hand, he found certain alka- 
loids to have a strong restrictive effect, notably veratrine, 
morphine, and narceine hydrochloride. Moreover, weak solutions 
of salts, carbonic acid, and notably spices, such as pepper, Ac^ 
were found by Mann ^ to have a beneficial influence, whilst 
tobacco juice had a strong restrictive effect. The presence of 
small quantities of blood-serum is said to have a retarding 
influence (Gley and Cahus 8). 

Chittenden ^ has shown, in the case of many substances, that 
small quantities have an accelerating influence, but larger quan- 
tities the reverse—«.^., arsenic and arsenious acids, chlorides and 
bromides, paraldehyde and ihaUine sulphate, A ntipyrin and afUi- 
fdyrin have a slight restrictive influence, but quinine, on the 
other hand, an accelerating one (Wolbero^^). Cane-sugar in 
strongly concentrated solutions (40 per cent.) has an injurious 
action (Büchner ^^). Potassium sulpho-cyanide checks the diges- 
tion of fibrin by pepsin, but Wr6blewski " attributes this not 
to any injury to the ferment, but to the shrinking of the fibrin 
caused by sulpho-cyanide compounds. 

An investigation of the influence of a large number of 
<3hemical substances as also of sunlight has been made by Fermi 
And Pernossi. " All the particulars of their comprehensiyr 
research cannot be mentioned here. 

^ Büchner, Arch./, klin, Med,, xxix., 537. 

* Schierbeck, Scand. Arch, f, Phya., iii., 357. 

'Stutzer, Landvnrfhsch, VermichssL^ xxxviii., 1891. 

^ Schultz-Schultzenstein, Z, physiol. Ch., xviii., 131, 1804. 

•Fräser, Joum. o/Anat. and Phys., xxxi., 469. 

« Wroblewski, Z,f, physiol, Ch., xxi., 1, 1895-6. 

7 Mann, Diss. Erlangen, 1897. 

»Gley and Camus, A. d, Physidog., 1897, 764. 

'Chittenden, Maly'a Jb., xv., 277 ; xx., 248. 
w Wolberg. Pflüg. Arch., xxn., 291, 1880. 
"Büchner, Ber, d, d, chem, Ots,, xxx., 1110, 1897. 
. ^«WnSblewski, Ber. d, d. chem, Oea,, xxviii., 1719, 1895. 
"Fermi and Pernossi, Z./» Hyg., xviiL, 83, &c. 
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The fact that pepsin in a neutral solution does not act upon 
albuminous substances, but only in acid solution (which, too, it 
was at first assumed, must be a hydrochloric or lactic acid solu- 
tion), led 0. ScHMiixr^ to the conclusion that pepsin first forms a 
loose compound with the hydrochloric acid — a pepsin hydro- 
chloride — and that this action starts the digestion. But subse- 
quently, when it was possible to show that pepsin acts in all 
acids, it would have been a simple corroboration of Schmidt's 
theory had the other acids been most active in a state of concen- 
tration most suitable for the formation of similar pepsin-acid 
compounds — 1.0., in equi-molecular proportions. That is by no 
means the case, however, according to Davidson and Diete- 
rich. * On the contrary no such ratio can be established in the 
most active degrees of concentration. They themselves suggest 
another theory in place of Schmidt's' : — 

Only those substances which first cause albuminous bodies to 
«well up render pepsin capable of decomposing those bodies. 
Now, all acids do this, but each has for its optimum a definite 
-degree of concentration, above and below which its capacity de- 
creases, until finally it becomes nil, as does also simultaneously 
the action of the pepsin. Ammonia, however, also acts very 
energetically upon albuminous matters in causing them to swell 
up, but destroys pepsia, so that no comparison can be made 
with it. 

The amido-acids of the stomach are also not without influence 
upon the physiological termination of pepsin digestion owing to 
their power of combining with hydrochloric acid. Hoffmann * 
found that glycocoll checks peptic digestion, and Bosenheim* 
asserts the same of leucine. Salkowsei * has studied this ques- 
tion in detail, and has come to the conclusion that the direct 
influence of the amido-acids is not considerable. 

The final extinction, however, of the action of pepsin appears 
to be closely connected with this question. 

Although the accumulated decomposition products — e.g,, albu- 
moses, &c. — appear to have a direct influence upon pepsin, the 
primary cause is the disappearance of the hydrochloric cicid. As 
Gübber'^ demonstrated, digestion which has ceased can again 
be started by adding to the mixture a few drops of hydrochloric 
acid. On the cessation of the action of pepsin free hydrochloric 

^0. Schmidt, Liebig'a Ann., 1x1., 311. 

«Davidson and Dieterich, Arch. f. Anal, u. Physiol., 1860, 690. 

*Loc. cit., 701. ^Hoffinann, Ceniralbl./. klin. Med., 1891, 793. 

'Rosenheim, ibid., 1891, 729. 

•Salkowski, Virrh. A., cxxvü., 601 ; med. Wiss., 1891, 945. 

'Gürber, Verh. Würzb, phys. med, Ota., 1S96, 67. 
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add (which can be detected by Günzbnrg's reagent or its in- 
verting power) is, in fact, no longer present, Gürber assumes 
that it has entered into combination with the decomposition 
products, 5 atoms of albuminous nitrogen combining, in his 
opinion^ with 1 molecule of hydrochloric acid. Although this 
speculation appears somewhat daring, and though the other 
quantitative reasons — viz., that deuteroalbumasea combine with 
more hydrochloric acid than protoalhumosea, but peptones, again, 
with less, are necessarily unconvincing, yet there appears to be 
no doubt as to the fact of the combination of hydrochloric acid 
with albuminoid substances, which Gürber considers the amido- 
acids to be (thus not drawing an analogy which alone would 
have been justifiable). Indirectly, then, the accumulated 
decomposition products influence, at all events, the fermenta- 
tion, if not the ferment. 

The substances which are attacked by pepsin are the tohole of 
t/te genuine albuminous svhstaneeSy dissolved and coagulated 
alike,^ and the nucleo-^ilhumins {e.g., easeiri)] also e^ctgene, 
gltUin, ehondrogen, chondrin, elastin, and oxyhasmoglobin, but not 
mucin, keratin, or chitin. Further particulars, especially of the 
decomposition products, I must reserve for a later part of this 
book. 

The rapidity with which the individual albuminous bodies are 
dissolved and digested by pepsin, and the nature of the resulting 
products, vary with the particular proteids and difierent pepsins. 
Casein ' is said to be dissolved the most easily. The value of 
these investigations is very small, owing to the invariable dis- 
cordance in the results and the differences, both in the experi- 
mental conditions and the methods of identification. 

When introduced into the circulation, it deprives the blood of 
its power of coagulating (Albertoni ^), as is also done by other 
enzymes. 

Chabrin^ regards the power possessed by pepsin of rendering bacterial 
toxiiiee innocuous as a very important function for the protection of the 
organism. It is, however, doubtful how far this action must not be attri- 
buted to the acid of the stomach alone; for, according to Fermi and 
Pemossi," tetanotoxine is not changed by pepsin. Although, according to 
Gamale^,* diphtheria toxine is decomposed with the formation of a 
nuclein, its poisonous propert}r is not destroyed, for the action of the 
poisonous nuclein, in vivo, is said to be conditional on this decomposition. 

1 Fick, Verh, d. Würzb. phya. med. Ges., 1872, 113. 
• See, niter alios, Klug, jun., Pflüg. A., Ixv., 380, 1897. 



»Albertoni, C.f. d. med. Wias., 1878, 3. 

• Charrin, Archiv, de Physiol., Fifth Series, x., 66. 

• Fermi and Pemossi, Z.f. Hyg., xvi., 386, 1894. 

• Gamalela, C, B. 8oc. Btol., zhv., 163, 1892. 
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Other investigators, too, ascribe to the gall the main activity in the 
destruction in the digestive tract of these poisons which have found their 
way, per os, into the organism (Fraseb and others). A- peptotoxine was 
found by Bbieoeb^ in the digestion of fibrin, but its existence is denied by 
Salkowski,^ who attributes the poisonous action to the peptones. 

The Products fonned in DigeBtions with Pep8iii.--The process 
of peptic decomposition is, without doubt, a breaking-up of 
groups of higher molecules into lower ones. Eventually there 
are formed, from the absolutely indififusible albuminous bodies, 
diffusible substances— p^^^one«. That this decomposition is, in 
the main, a hydrolytic process may be inferred from the fact that 
the products formed in peptic digestion are analogous to those 
which result on boiling albuminous substances with dilute acids 
and bases, or even with superheated water (steam). 

To follow this process in its details, chemically, is at present 
impossible, since the constitution not only of the albuminous 
bodies themselves, but also of their peptic decomposition- 
products, are quite unknown to us. We must be content, with 
the aid of certain precipitation and colour reactions, to make a 
general survey of the different phases of the process, which, as 
was mentioned, effects a gradual breaking-up of non-diffusible 
albuminous suhaiances into diffusible peptones. Between these, 
certain intermediate products, which are still but little dif- 
fusible but yet different from the albuminoue substances, have 
been discovered, and to these the name of albumoses has been 
given. We should far exceed the scope of this book if we 
were to follow in detail the exceedingly numerous and laborious 
investigations which have brought us to our present standpoint; 
we are only able to depict the decomposition of albuminous 
substances according to modem views in its main outlines, 
selecting the essential points. 

The first discoveries in this field were made by Meissiter ^ 
and his pupils. He described several peptones which partly 
corresponded to our albumoses of to-day, partly to the so-called 
''true" peptones, and partly to Kiihne's anti-albuminate» 
Further fundamental researches were published by SchÜtzbn- 

BERGBB.^ 

The modem views are based, in the main, on the classical 
researches of Kühne and his pupils. Kühne found that, in 

1 Brieger, JS, physiol. Ch,, vii., 274 ; Ueber Ptomcnne, 1885, 14, &o. 

* Salkowski, Virch. A,, cxxiv., 409. 

* Meissner, vide Zeüechr, J. rcU, Medic (3), vii., 1 ; viii., 280; xi.; 
xiv., 303. 

* Schutzenberger, Bvll. de laSoc. Ohim. de Paries zziii., 1, 161, 193, 216> 
242,385,433; xxiv., 2, 146. 
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pancreatic digestion (q.v,)y approximately half of the albu- 
minous material escaped, in the form of a peptone, the more 
thorough decomposition which the other half underwent. 
Exactly the same result was produced when he submitted to 
the decomposing action of trypsin the total quantity of peptones 
which he obtained in the gastric digestion of albuminous sub- 
stances, and to which he gave the name of ampho-peptones. 
Whilst the one-half, the so-called hemi-peptone, was decomposed 
in the characteristic manner by trypsin, the other half, the 
anti-pepUme^ remained unaffected by these influences. 

Kühne concluded from this that there were two distinct 
groups in the albumin molecule, the hemi- and the anti-group^ 
and that these were separately decomposed. 

Then from the anti-group antirolbuminate (Meissner's para- 
peptone) is formed when the amount of pepsin is insufficient. 

This is soluble in acids and precipitated by alkalies. It can also be 
obtained by boiling albumin with dilute acids ; as thus prepared it is not 
attacked by pepsin, but is converted by trypsin into anli-pepUme. 

When the pepsin is in large excess, however, no anti-albumi- 
nate is produced, but first arUir and hemi-albumoses, and then 
anii- and hemi-peptones. The hemi-albumoses, which Kühne' 
first isolated, proved to be a mixture of diflerent compounds, 
including anti-albumoses. 

Subsequently, Kühne and Chittenden^ succeeded in sepa- 
rating the diflerent albumoses produced in peptic decomposition. 

The liquid from the digestion is neutralised with sodium 
hydroxide solution, and the resulting precipitate triturated 
with common salt. On now treating it with a concentrated 
solution of salt, part of it, termed deutero-albumose, is dissolved. 
This is precipitated from the salt solution by means of acetic 
acid. 

The residue is treated with water. With the exception of a 
trifling residue, dyscUbumoBe, it is completely dissolved. On 
dialysing the solution the proto-cUbumoses remain in solution, 
while the hetero-cUbumoses are precipitated. For the systematic 
classification of these different albumoses vide infra : — 

Proto-anmmose is soluble in water, and is not coagulated on boiling. It 
is insoluble in a concentrated solution of common salt. Nitric acid ziveB 
a precipitate soluble in excess ; it forms a precipitate with acetic acid and 
potassium ferrocyanide, as also with copper sulphate, mercuric chloride, 
and lead acetate. It is also soluble in alcohol, and can thus be separated 
from the hetero-albumoses (Pick).* 

1 Kühne, Z.f. Biol,, xix., 209. 

* Kühne and Chittenden, Z,f. Bid., xix., 159 ; xx«, 11. 

' Pick, Z.f, physiol. CK, xxvüi., 219, 1899. 
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Hetero-albumose is insoluble in water, but soluble in dilute solutions of 
salt, in acids, and in alkalies. When suspended in water it coagulates on 
boiling, and becomes insoluble in solutions of salt. The salts of heavy 
metals precipitate it. Particularly interesting is the discovery of Spibo,^ 
that hetero-albumoses on further decomposition yield principally leticme, 
and also gl^coooU, whereas the proto-albumoses, on the other hand, yield 
much iyroein but no glycocoll — a fact which points to a deep-seated dif- 
ference between them. 

DetUero-cUhumoae is soluble in a saturated solution of common salt, and 
in distilled water. It is not precipitated by a 2*5 per cent, solution of 
copper sulphate, or by nitric acid. 

Dysalhumose is regarded as a modification of hetero-albumose, which is 
soluble in a dilute solution of salt. 

The general reactions of albumoses are : — 
They are precipitated by ammonium ^ulphate.^ 
Nitric acid gives a precipitate, which dissolves on heating, as 
is also the case with acetic acid and potassium ferrocyanide, but 
small differences are here perceptible. 

Copper sulphate with sodium hydroxide gives red to reddish- 
violet colorations, which are not quite uniform in tint, as they 
depend on the mode of applying the test {Biuret reaction). 
They are Isevorotatory. 

Analogous albumoses have been prepared from other cUbumirume bodies : — 
Olobtäoses from globulin (Kühne and Uhittbndkn,* CnrrTENDKN and Habt- 
WELL^), viteUosea from vitellin (Neuheistbb,^ Chtttenden and Mendel'), 
and myosinoaes (Kühne and Chittendbn,^ Chtitenden and Goodwin"), 
which in like manner can be further designated proto-, deutero-, &o. As 
regards the decomposition of albuminoid substances vide infra. 

Neumeisteb^ has based a theory of the decomposition of 
albumin by pepsin, on KUhne's results and conclusions as well 
as on his own researches. He assumes that there are two 
main varieties of albumoses, those which are still closely related 
to the albuminous bodies — primary albumoses — and those 
which are more closely related to the peptones — secondary 
albumoses. Both groups are derived from both the hemi- and 
the an^i'group of the albumin molecule, although the proto-albtt- 
moses are principally derived from the hemirgroup and the heterO' 
albumoses principally from the anti-group; not that, however, 
the reciprocal groups are entirely unrepresented. Both of them 

1 Spiro, Z.f.physid, Ch., xxviii., 174, 1899. 

« Wenz, Z.f, Bia,y xxii., 10, 1886. 

s Kühne and Chittenden, JS,f, Biol., xxii., 409. 

* Chittenden and Hartwell, Joum. of Physiol. ^ xi., 435, 1890. 
^ Neumeister, Z. /. Biol., xxiii., 381. 

* Chittenden and Mendel, Joum. of Physiol. ^ xvii«, 48, 1895. 
' Kühne and Chittenden, Z. /. Biol., xxv., 358. 

* Chittenden and Goodwin, Joum. cf Physiol., xii., 34. 
*Nenmeister, vide inter alia, LfJirb. d, pnysiol. Oh., 1893, 1. 
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yield secondary albumoses, which are grouped together under 
the name of deutero^Ubumose {ampha-albumose), and then ampko- 
pepUme, which naturally in the case of the hetero-albumose must 
contain more anti-peptone, and in the case of the proto-albumose 
more hemi-peptone. 

The views of Kühne and Neumeister have not been left with- 
out contradiction. Hamburgeb^ will not admit the distinction 
between the albumoses, but ascribes the varying ratios of 
solubility, &c., to different mixture-coefficients which are able 
to bring about these phenomena in one albumose. Mobocho- 
WETZ,^ too, is opposed to KiLhne's views. 

The whole theory of the albumoses, and their relations to the 
albumin molecule in general, has quite recently experienced 
numerous modifications and contradictions. 

E. P. Pick ' succeeded in obtaining by fractional saturation 
with ammonium sulphate no less than three deutero-albumoses, 
A, B, and C, and two peptones from Witte's peptone, and his 
observations have been found by Um beb ^ and Alexander^ 
to also apply to pure albuminous bodies. E. Zunz,^ who has 
quantitatively examined the decomposition of several pure 
albuminous substances with the aid of Baumann and Bömbb's ^ 
method of precipitation with zinc sulphate, is also greatly 
inclined to doubt the individual nature of the deutero-albumoses, 
A and B^ so that in that case five deutero-albumoses would exist. 
But besides this he has proved that deutero-albumose A, and 
above all B, are formed at as early a stage as the so-called 
''primary" albumoses, and so have as much right to be designated 
by that title. Moreover, substances of a stUl unknown nature, 
which no longer give the biuret reaction {vide infra) are primarily 
formed. Kiihne's whole scheme is thus very open to attack. To 
this must be added the fact that^ according to Alexander,^ 
casein forms no proto-albumose, and yet is decomposed in pan- 
creatic digestion. Moreover, Kühne ^ himself has found that 
the deutero-albumoses diffuse with more difficulty than the pro- 
to-albumoses, which also supports the view that they are more 
closely akin to the true albuminous substances in character. 

^ Hamburger, Maly'a Jh., xvi., 20. 

^Morochowetz, St. Petersburg med. Woch,, 1886. No. 15. 
» Pick, Z. /. physiol. CK, xxix., 246. 
«Umber, ibid., zxv., 258. 
* Alexander, ibid., zxv., 411. 
«E. Zunz, Z. physiol. Ch., xxvii., 2(9; zxvili., 132. 
^Baum«m and Bömer, Z, /. Untersuch. «. Nahr.- u. Cftnmsim., L, 106» 
1898. 
<» kühne, Z.J. Biol,, xxix., 20, 1893, 
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Peptones. — Aocording to the yiews of Kühne and hü pupils 
these are the final products of peptic digestion. They are dis- 
tinguished from the albumoses by not being precipitated from 
an acid solution by annnonium sulphate (Wbnz ^). They diffuse 
much more readily through animal membranes, and have a 
different percentage composition, notably a lower proportion of 
carbon. As was mentioned above they were discovered by 
Meissner, who also gave them their name. 

Methods of preparing them have been proposed by Henniit- 
oer2 and Hebth,' but they do not yield peptones free from 
albumose. Kühke ^ has described several methods of obtaining 
pure peptones, which have subsequently been more fully worked 
out by Pice, Zunz,^ and others. 

Peptones are not precipitated either by boiling, by acids, or by 
acetic acid with potassium ferrocyanide. 

They are precipitated by the salts of several heavy metals, by 
tannin, and, above all, by phospbo-tungstic acid, which, in par- 
ticular, is a favourite method of separating;: them. They give 
Millon's reaction and the characteristic red biuret reaction with 
a dilute solution of sodium hydroxide and copper sulphate. 
They are l»vorotatory. 

In a pure state they have not a restricted influence on coagulation 
<Pollitzbk') as had previously been found to be the case with prepara- 
tions containing albumose (Schmidt-Mülheim, ^ Fang, ') and they oiGfor 
directly from the albumoses in this respect. 

Kühne and his pupils have assumed, as a consequence of their 
fundamental conception, the existence of a hemi-pepUme and an 
aTiti'peptone. The latter is stated to be an individual substance 
incapable of being further changed by trypsin. 

It does not, like hemi-peptone, give a red coloration with 
Millon's reagent (Kühne and Chittenden), 

By the recent researches of Kutschbe,* however, it has 
almost been proved that Kühne's anti-peptone does not exist as 
fluch, at least not in the quantity assumed (half of the total pro- 
ducts), but is a mixture of different substances formed in the 

* Wenz, Zeitschr,/, Biol,, xxii., 10. 

^ Henninger, Comptes Bendus, Ixxxvi., 1413, 1464. 
»Herth, Z^/iphyaiol, Ch., i., 279. 

* Kühne and Chittenden, Z. /. Biol,, zxii., 425. Kühne, ibid,, zzix., 1. 
*Loc cit, 

•Pollitzer, Joum. of Physiol,, vii., 283. Cf. Verk, luUurh, med. Ver, v. 
Heidelberg, New Series, iii., 293. 
'Schmidt-Mülheim, Du Boia A,f, Phys,, 1880, 50. 
8Fano,»6td., 1881, 277. 
' Kutscher and others, Die EridproducU der Tripnnverdammng^ 199?^. 
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tryptic decomposition. By these discoveries the whole concep- 
tion of the hemi- and anti-group in the albumin molecule is 
fundamentally shaken. 

Other Products of Peptic Decomposition.— Some time ago 
Hoppe-Seyler ^ stated that other substances, probably of a mor& 
simple nature like that of the amido-acids, were formed in 
the action of pepsin. Pfaundler' claims to be able to- 
ezclude amido-acids. Chittenden and Hartwell' were un- 
able to accomplish a complete conversion of albuminous 
substances into peptones. Moreover, the results obtained 
by Lawrow* support the conclusion that there are further 
decomposition products, as do also, in particular, the re- 
searches of E. Zunz.* The latter found that when the action 
of pepsin was very energetic relatively little peptone was 
formed, but considerable quantities of nitrogenous substances, 
which were unprecipitable by phospho-tungstic acid, though pre- 
cipitated by tannin, and gave no biuret reaction. They occurred 
at an early stage of the decomposition, and thus belonged to the 
^'primary" decomposition products. Their nature is still 
unknown. 

Action of Pepsin on Albuminoid Substances. — Collagme and 
glutin are decomposed by pepsin into gdatose and glutin peptone^ 
the collagene being first converted into glutin (£>rziKOER,* 
Ufpelmann,' Tartarinofp,' Klug,' v. Gehlach.") 

Chondrogen and chondrin are decomposed more slowly, but in 
a similar manner. In addition to pepsin a reducing substance 
is formed in the process.^^ 

Mucin^ according to Kühne and Schiff, is not attacked by 
pepsin." 

Elaatin yields bodies of an albumose nature (Etzinoer,* 
Gamoee, Horbaczewski,^* Morochowetz,'* Chittenden and 
Hart).'* Keratin, chitin, conchiolin, and spongin are not 
attacked." 

^Hoppe-Seyler, Physidog. Chemie, 1881, ii., 228. 

«Pfaundler, Z.f. physiol. Ch., 1900, xxx., 90. 

'Chittenden and Hartwell, Joum. of Physiol, , zii., 12, 1891. 

*Lawrow, Z.f. physiol, Ch,, xxvi., 613, 1898. 

»B. Zunz, Z,/, physiol, Ch., xxviii., 172, 1899. 

•Etzinger, Z,/, physiol, Ch,, xxvi., 613, 1898. 

TTflfehnann, A./, kin. Med., xx., 636. 

»Tartarinoff, CeiUraJM, f, med, Wiss,, 1877, 276. 

•Klug, CentralU,/. Physiol,, iv., 189. 

"v. GerUch, Die Peptone, 1891. " Hoppe-Seyler, Phynol. CK, 234. 
"Gamgee, Phys. Ch, d, Verdauung, 169, 160. 
" Horbaczewski, Z. physiol, Ch,, vi,, 330. 
i^Moroohowetz, Maly'a Jb., 1886, 271. 
'•Chittenden and Hart, Z,/. Biol,, xxv., 368, 1889. 
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Oxyhcemoglohin is decomposed into albumoses and peptones, 
hsmatin being split off.^ 

From casein several '^ propep tones '' and a peptone were first 
obtained by Thierfeldbr.' 

Casein-albumoses, ccueoses^ were then described by Chit- 
tenden and Painter.* 

Next, Sebeuen^ obtained albumoses and (optically inactive [l|) 
peptones from casein, as was also dooe by Saleowsei.* Finally 
Alexander ' has again investigated the subject with the aid of 
Pick's method (vide supra), and has prepared substances corre- 
sponding to Pick's albumoses. Eetero-albumoae was almost 
entirely absent. 

In addition to the typical decomposition-products of albumin,, 
substances containing phosphorus are naturally obtained from 
casein, and partially pass into solution (Lubavin,' Saleowski 
and Hahn,' v. Mobaczewski,' who found varying amounts of 
pseudonuclein, and others). Bodies resembling the nucleins 
have also been found in the peptic digestion of casein by Cl. 
WiLLDENOW*® and Wrqblewski," the latter obtaining the 
nucleln only from the casein of cow's milk, and not from that of 
human milk. Nudein is not attacked by pepsin (Miesgher ").. 

The peptic digestion of the gluten-casein of wheat has been 
investigated by Chittenden and Smith." 

Chlorophyll is partially digested by pepsin in hydrochlorio 
acid, the meiaxin being attacked, but the cMoroplastin, on the 
other hand, not changed (Sohwarz^^). Pepsin has frequently 
been proved to hav^ a digestive influence on other ferments. 

»Hoppe-Seyler, Physiol, Ch., 233. 

«Thierfeldep, Z. physiol. Ch,,x., 577. 

'Chittenden and Fainter, Studies from the Laboratory of Physiol. Chem*, 
of Yale CoUege, ii., 1885-86, 156 (i/a/y'« Jh., xvii., 16 ; xx., 17. 

^Sebelien, Chem, CerUralhL, 1890, i., 170. 

»Salkoweki, Centralbl.f med. Wise., 1893, 385. 

* Alexander, Z.f phyttiol. Ch., xxv., 411. 

'Lnbavin, Hoppe-SSeyler's Untersuch, z. med. Chemie., i., 463. 

^Salkoweki and Hahn, Pflüg. A., lix., 225. 

•v. Moraczewski, Z, f physiol. Ck., xx., 28 (Comprehensive biblio- 
graphy). 

«* Clara Willdenow, Z, Kenntn, d. pept. Verd. d. Cas^ns, Diss. Berne, 
1803. 

^Wroblewski, Beiträge zur Kenntniss des Frauencas^ns und eeiner 
Unterschiede vom Kuheas^n, Diss. Berne, 1894. 

"Miescher quoted by Bokay, Z. physiol. Ch., i., 157. 

** Chittenden and Smith, Joum. ofPhys., xi., 410. 

^'Schwarz, qnoted by Cohn, Beitr. z. Biol, d. Pflanzen, v., 73. 
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CHAPTER X. 
TRYPSIN. 

Trypsin, which received its name from Kühne, is the proteolytic 
ferment of the pancreas. 

Like pepsin, it is an unorganised ferment, so that its action 
can be studied not only in the organ itself, but also in its secre- 
tions and in the preparations obtained from it. 

The action of the pancreatic juice upon albuminous ßubstances 
was, as OoRViSART ^ states, observed as early as the year 1836 by 
Purkinje and Pappen heim. It was also recognised, but not 
estimated at its proper value, by Olauds Bernard.^ This 
important phenomenon was more closely studied, first by CoR- 
visart and then by Meissner.^ Then came the researches of 
KijHNu and his pupils, notably Danilewsey> It was shown 
by KÜHNE ^ that, through the agency of the pancreatic tissue 
and the tissue of the glands, albuminous bodies underwent a 
decomposition which was distinguished from that due to pepsin 
by the fact that leucine and tyrosine were formed in addition to 
peptones. The process of the secretion was first studied by 
Hbidenhain.^ Notwithstanding the fact that the pronounced 
«ffect of the ferment of the pancreas on albuminous bodies may 
be readily proved, the pancreas is nevertheless not an organ 
absolutely essential to life. It has, indeed, been stated that 
atrophy of the pancreas {e^g,, after binding up the outlet) causes 
absolutely no metabolic anomalies. Rosenberg ^ has shown, 
however, that the want of pancreatic juice in the intestine is 
accompanied by a diminution in the transformation of albumin. 

^ Corvisart, Sxtr une fonction peu connue du Pancriaa, Paris, 1857-8. 
Of. Z,f. ration Med, (3), vü., 119. 

^ CL Bernard, Lee, d. physicl, exp&r,, ii,, 18Ö6. 
» Meissner, Zeitsc/ir,/, roL Med, (3), vii., 1859. 

* Danilewsky, Virch, A,, xxv., 1862, 267. 

■ Kühne, Virch, A,, xxv., 1862, 267 (gives all the older Uterature). 

• Heidenhain, Pflüg, A.,x., 557. 

' Rosenberg, Pflüg, A,, Ixx., 371 (gives the literature on the subject). 
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Preparation of Trypsin. — ^When aloohol is added to the pan- 
creatic juice, a precipitate containing trypsin is formed, to which 
the name of pancrecUin was given. It still contains, however, 
albuminous substances, which Küune^ grouped together under 
the name leucaid^ and other impurities which he was able to 
eliminate to a large extent by dissolving it in water at 0" 0., 
precipitating it in successive fractions with acetic acid and 
sodium hydroxide, and finally using dialysis. A more suitable 
method was afterwards given by Kühne. Hahhabst&n^ ex- 
tracts the pancreas with ammonium hydroxide of 0*03 per cent, 
strength and adds acetic acid. The precipitate is then dissolved 
in a solution of sodium hydroxide. Gulbwitsgh ^ uses for the 
extraction a solution of sodium hydroxide containing chloroform 
and thymol, whilst Loew^ employs 40 per cent, alcohol, and 
precipitates with a mixture of alcohol and ether. 

Active solutions of the ferment, in which, however, the other 
ferments of the pancreas are present, have been obtained by 
extraction with glycerin (Heidknhain,^ v. Wittich ö), with 
chloroform water, boric acid solution, and sodium chloride solu- 
tion (RoBBRTS,^ 'Hakris and Gow^), and with salicylic acid 
solution (KÜHNE ^). Paschutin ^^ has made experiments on the 
extraction of the different ferments of the pancreas with solu- 
tions of salts. Solutions of potassium iodide, sodium arsenite, 
sodium sulphite, oxalic acid, and tartaric acid are among the 
best solvents for trypsin^ and are thus suitable for the prepara- 
tion of active digestive solutions. 

Properties of Trypsin. — As is the case with all the ferments, it 
has not been obtained in a pure condition. Like diastase, 
trypsin appears to have a very complex constitution, akin to 
that of the albuminous bodies ; in Kiihne's opinion, its composi- 
tion is even more complex than theirs, since, on heating it with 
dilute acids, albuminous substances are first split off in the 
decomposition. It is easily soluble in water and in mixtures of 
glycerin and water. In pure glycerin and concentrated alcohol 

^ Kühne, Verh, naturh, med, Ver. Heidelberg. , New Series, i. (1876), 194; 
and iii., 463. 

> Hammarst^n, Lehrb, phys, Gh., 1896, 265. 
» Gulewitsch, Z, phynoL Gh., xxvii, 644, 1899. 

* Loew, Pflüg. A,, xxvii., 207, 1882. 
5 Heidenhain, Pflüg. -4., x., 667. 

• V. Wittich, Pflüg. A., ii., 196. 

^ Roberts, On the Digestive Ferment, Lumleian Lecture, 1880, London» 
26. Quoted by Gamgee, loc. cit. 

' Harris and Gow, Joum. of Physiol., xiii., 469. 
» Kühne, UrUera. phyaiol. ln»t. Heidelberg, i., 222, 1878. 
" Paachutin, MUUer-Reiohert's A./. Phye., 1873, 382. 
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it is insoluble, but soluble, on the other hand, in alcohol of 40 
per cent, strength (Dastre i). 

It works best in a weak alkaline solution (1 per cent, sodium 
hydroxide); also, according to Schikrbegk,^ in neutral and 
fiuntly acid solutions, but best in very dilute acid solutions. Its 
action would thus approximate more closely to that of the other 
enzymes, which also have their optimum in weak acid solutions. 
According to KiJHNB,^ it remains active until the percentage 
of acid reaches 0*05 per cent., and this has been confirmed by 
Lakolby;^ on the other hand, Ewald ^ asserts that it is still 
active with 0*3 per cent, of acid. More concentrated acids 
naturally have a very pronounced injurious eöect; this influ- 
ence, is paralysed, or there may even be a certain degree of 
stimulation when the acids are combined with albuminous 
bodies (Chittenden and Cummins <'). 

Gall favours the action of trypsin specially in the presence of 
liictic add (Lindberger ^), and also of hydrochloric acid (Hasch- 

FORD and SOUTHGATE ' ). 

Like all ferments it is rapidly destroyed by more concentrated 
alkalies. Carbonic acid has a stimulating influence in a liquid 
of alkaline reaction, since it diminishes the alkalinity, but has a 
restrictive effect in an acid solution (Sghibrbbck ^). 

The action of neutral salts has frequently been studied, but 
first systematically by Podolinsei.* He found that aU salts 
promote the action of trypsin, but that the intensity of this 
influence greatly varies. Sodium salts have the most pronounced 
effect. 

On the other hand, neutral ammonium pliosphate has been 
shown to have rather a restrictive influence, as have also, inUr 
alia^ mercuric and iron salts (Chittenden and Cummins*). 

Chittenden and Stewart ^^ investigated the effect of drugs, 
and found that in small doses they frequently had a stimulating 
action, but a restrictive one in larger amounts, though in 
general to a slighter extent on trypsin than on pepsin. Far- 
aldehyde^ in particular, had a most injurious influence. 

» Dastre, Arch, d, Physiol., 1896, 120. 

' Schierbeck, Scand. Arch,/, Physiol,, iii., 344. 

* Kühne, Verh, naturh. med, Ver, Heidelberg, New Series, i. 

* Langley, Joum, o/Phys., iii., 263. • Ewald, Z. Hin. Med,^ i., 616. 

* Chittenden and Cummins, Maly^s Jh„ 1885. 
7 Idndberger, Maly'sJb., ziii., 280, 1883. 

' Raschford and Southgate, Medical Begird, xii., 96 ; Maly*8 Jb.^ zxvi.» 
392, 1896. 

' Podolinski, Beitr. z. KentUn. d. paner, Eiweissoerdg,, Diss. Breslau» 
1876. 
^ Chittenden and Stewart, Maly'sJh,, xx., 24S, 1890. 
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A comprehensive research on the influence of all kinds of 
substances on trypsin was published by Fekmi and Parnossi/ 
to which we can only allude here. 

It is rapidly rendered inactive by the action of pepsin in cMsid 
solution (Mays,' Langley '). In Kühnb's * opinion this is physio- 
logically important, as affording an explanation of the significance 
of the gall in the digestive process. The gall normally pre- 
cipitates the pepsin ; but when this function is absent — e.g., in 
fistula — the pepsin penetrates into the intestine and destroys 
the trypsin to a more or less pronounced extent, and thereby 
the digestion of the albumin is checked. 

Its activity increases up to about 60' 0., then falls rapidly, 
and ceases at 75* to 80° 0. (Roberts '). 

On the other hand, Bikrnagki* states that in a faintly 
alkaline solution it becomes inactive at as low a temperature 
as 50* C, and in a neutral solution at 45° C. Similarly 
Heidenhain ^ asserts that it loses its activity when maintained 
for a long time at a temperature of 35° C. — a statement which is 
opposed by Kühne," Saleowski,* and Ewald.*® 

In the dry condition it resists the action of heat (Hü FN er ^') 
up to 160° 0. (Salkowski "). When heated in ether in a sealed 
glass tube it is destroyed at as low a temperature as 80° C, but 
in a7nyl alcohol it is still active at 100° C. (Fermi and Pernossi).* 

Trypsin has been found in the foetus by Albertomi " and by 
Fermi ^^ inter alios. 

Outside the pancreas it has been found by Sahli,'^ Gehrig,^* 
Tasulli,'^ DASTREand Floresco,^^ and Bendersky,^' in the urine, 
where, however, Leo,2o and Stadblmann ^^ were unable to detect 

^ Fermi and Pemossi, Z,/, Hyg., xviii.,.83. 
^Mays, Unters, physiol. Instil, ffeidelb,, iii., 378. 

* Langley, J cum, of PhyHcl.^ iii., 263. 

* Kühne, Verh, naturh. med, Ver. Heidelberg, 1877, 190. 
' Roberts quoted by Gamgee, lac, dt,, 235. 

* Biemaoki, Z,/. Bid., xxviii., 62. ' Heidenhain, Pßüg. A,, x», 557. 

* Kühne, Verh. naturh. med. Ver, Heidelberg, New Series, i., 196, 1876. 
» Salkowski, Virch. A.,]xx., 158. 

><* Ewald, Lehre von d. Verdauung, 1878, 8. 

" Hüfner, J. pr. Gh., New Series, v., 372. 

» Salkowski, Med. CeniralhL, 1876, 29 ; Virch. A., Izx., 158. 

" Albertoni, Maly'a Jb., viii., 254, 1878. 

>« Permi, Mdly'a Jb., 1892, 592. 

" Sahli, Pflüg. A., xxxvi., 224. i« Gehrig, Pflüg. A,, xxxviii. 86. 

" TaanUi, Maiy'e Jb., 1894, 289. 

^ Daatre and Moreeoo, O. B. 8oc. Bid., 1897, 849« 

^ Bendersky, Virch, A., oxxL, 554. 

» Leo, Pflüg. A., xxxvii., 226 ; xxxix., 246. 

>i Stadelmann, Z. /. Biol., zxiv., 226. 

Digitized by VjOOQ IC 



110 FERMENTS AND THEIR ACTIONS. 

it. KuHKE^ found it nowhere except in the pancreas and con- 
tents of the intestine. The histozyme obtained from the kidneys 
by Schmiedeberg is in Nencki's * opinion probably a pancreatic 
ferment. Hoffmann ' only found trypsin in the urine when the 
pancreatic juice was excluded from the intestine, but never 
under other circumstances ; he found it, however, in the spleen 
and other organs. Fermi and Fernossi^ were able to detect it 
in the urine after subcutaneous injection. It was found in the 
sputum of those suffering from diseases of the lungs by Filehne ^ 
and Ebcherich,^ notably in bronchiectasis and phthisis. 

As regard other vertebrate animals, it has been found to an 
equal extent in those which possessed a pancreatic gland. 

Krukenberg 7 discovered it in the stomach and intestine of 
msLXxjßsfies ; Hombürger ^ found proteolytic ferments of similar 
character in the cyprinaidcB; Hoppe-Seyler ^ discovered a 
trypsin in cray-ßsh, and Biedermann " in mecU-worms, A very 
interesting observation, which points to the presence of trypsin 
in the egg^ was made by Gayon.^^ He discovered tyrosine in 
non^putrid eggs. The contents of the egg were fluid ; micro- 
organisms were not present. Subsequently Mroczkowski^^ 
found a tryptic ferment in the dried albumin ofhefrCs egg. 

The action of trypsin can be detected and an approximate 
estimation made by means of fibrin, which, as suggested by 
Grützner (see under Pepsin), has been coloured with Magdala 
red. It is placed upon a filter and the coloured drops which 
fall from the filter, when the trypsin is active^ are noted (and 
eventually counted) (Gehrig, loc, cit,). Roberts ^ makes use of 
the occurrence or disappearance of the metacasein reaction 
(vide infra) for the estimation of the proteoly^c power. 

Different animals vary as regard the energy of their pan- 
creatic digestion. In the case of the proteolytic ferments, 
Floresco ^* found they could be arranged in the following order 

1 Kühne, Verh, •naiurh, med. Ver, Heidelberg, 1880, 1. 
« Nencki, A, exp. Path., rx., 376. 
» Hofl&nann, Pflüg, A., xH., 148, 1887. 

* Fermi and Pemossi, Z. f, Hyg,y xviii., 125. 

■ Filehne, Sitzh, d. Erlanger phya, med, 8oc, 1877, 169. 

• Escherich, Arch, J, Hin, Med., xxxvü., 196, 1885. 

7 Krukenberg, Unters, physicl. Inst. Heidelberg, 1882, ii., 396. 

» Homburger, C, med, Wiss,, 1877, 561. 

» Hoppe-Seyler, Pflüg. A., xiv., 394. 
"Biedermann, Pflfig. A., Ixxii., 160. 

" Gayon, Thhae. Paria, 1875, quoted by Sohützenberger, loe, eU., 199. 
^« Mroczkowski, JBiolog. Centram., ix., 154, 1889-90. 
"Roberts, Proceed, Royal Society, xxxii., 146. 
"Floresco, Comptes Bend, d. I. Soc. d. Biol., 1896, xlviii., 77, 890. 
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in this respect : pig, dog, ox, sheep ; gelatin, however, was 
acted upon most energetically by the ferment of the dog, and 
then by those of the pig, sheep, and ox. When introduced 
into the circulation trypsin prevents the coagulation of the blood 
and destroys UucocyUs (Albertoni).^ 

The juice of the pancreas is said to have a special action 
upon milk or casein solution, which it causes to coagulate 
though in a different way to rennet {metacasein reaction) 
(KüHNB,^ Halliburton and Bhodie^). It causes, inter alia, the 
casein thus altered to coagulate on boiling, to give a precipitate 
with sodium chloride, &c. (Edkins^). According to Roberts^ 
this metacasein represents the first tryptic digestive product of 
casein. 

The Zymogen of Trypsin. — It was discovered by Heidenhain <^ 
that the pancreas did not contain ready-formed trypsin, but 
)>nly its antecedent, which on suitable treatment decomposed with 
the formation of the actual enzyme. 

PODOLINSKT 7 then investigated this zymogen more fully. It 
is separated from the gland by means of a neutral solution of 
glycerin, in which it is stable. From this solution it can be 
precipitated by means of alcohol, and dissolved in sodium 
hydroxide solution without beiug transformed into the ferment. 
This, however, is denied by Kühne. 

It passes into the active form on exposure to the air, dilut- 
ing the glycerin solution with water, and on treatment with 
acids. Podolinsky assumes that in this change oxygen plays a 
part, since hydrogen peroxide and platinum black also produce 
a fermentative reaction. He endeavoured to recover the zymo- 
gen from the ferment by means of reduction. Although phos- 
phorus and zinc dust had no effect, the action of the enzyme 
was weakened by yeast, and again strengthened by the in- 
troduction of oxygen. All salts have an influence on the 
decomposition. 

According to Herzen ^ the function of the spleen appears to stand in a 
certain relationship to the decomposition of the z3anogen, for the pancreas 
of a starvinff dos was inactive until treated with the spleen-sabstahce of 
a dog which nod been fed, 

* Alhertoni, Maly*a Jh., viii., 127. 

* Kühne, Verh. ncUurh, med. Ver, ffeidelhergt New Series, iii. 

* Halliburton and Brodie, Joum ofPhys., xx., 97. 
^Edkins, Joum. of Physiol., xii., 193. 
'Roberts, Proceed. RoycU Society, xxzii., 145. 

* Heidenhain, Pßüg. A., x., 681. 

7 Podolinsky, Beiträge zur Kenntnisa d, pancreat. Eiweistferm» Disa. 
Breslau, 1876. 
•Herzen, Centralbt./. med. Wiss., 1877, 436. 
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112 FERMENTS AND THEIR ACTIONS. 

The pancreas acts more energetically in conjunction with the spleen-sab* 
etance than by itself ; this action is not to be attributed to a sort of 
stimulation of the trypsinogen by the hsemoglobin-oxygen, since arterial 
blood is inactive, whilst the venous blood m the spleen saturated with 
carbon dioxide is active (Hb&zen ^). 

According to Albbrtoni^ this zymogen is present in the 
foetus during the last months. 

Products of Trjrpsin Digestion. — Trypsin acts very ener- 
getically on all albuminous Hubstances, including their simplest 
representatives, the prolamines (Kossel and Matthews'). The 
only successful attempt to decompose simpler substances by 
trypsin is that of Blank,^ who claims to have decomposed 
hippuric acid ; on the other hand, Gulewitsch ^ did not succeed 
in accomplishing this beyond doubt in the case of any single 
simpler compound. 

According to Hermann,* a globulin coagulating at 55' to 60* 
O. is produced in the digestion of unboiled fibrin with trypsin, 
whilst the paraglobvlin found with it (Otto,^ Hasebroek^) 
represents an impurity of the fibrin. There are then formed as 
by-products albumoses and peptones ; in a vigorous action, how- 
ever, two main groups of bodies are formed — viz., amido-adds 
and the more recently recognised keocone bases — lysine, arginine^ 
and histidine. Ammonia is also produced (Hirschler,^ Stadel- 
MANN,^® Kutscher,'') together with trt/ptophan. 

Before dealing more closely with the characteristics of these 
decomposition -products, we must take into consideration the 
dispute which has recently arisen as to the existence of the 
so-called anti-peptone of Kühne. 

As we have related in the chapter on pepsin^ Kühne believed 
that it was necessary to assume the existence of two kinds of 
peptones ; he concluded that the hemi-peptone was decomposed 
further by the trypsin, whilst the anti-peptone resisted the action 
of this enzyme. He made no definite assertions about its more 
«pecial properties, and, indeed, hardly regarded it as a chemical 

* Herzen, Anvali di Chim. e Farm, 1888, 302. 
«Albertoni, Maly'sJh., viii., 254. 

* Kossel and Matthews, Z. physiol, Ch., xxv., 190. 

-* Blank, quoted by Nencki, Arch,/, exp. Path., xx., 377. 
B Gulewitsch, Z, physiol, Ch., xxvii., 540. 

* Hermann, Z. physid, Ch., xi., 508. 
^ Otto, Z. physid. Ch., viii., 129. 
^Hasebroek, ibid., xi., 348. 
•Hirsohler, Z. physid. Ch., z., 302. 

» Stadelmann, Z.fBid,, xxiv., 226. 

I'KvUKlwr, Endprod. d, Trypsinverd. HabUit. - Sehr., Strassb.» 
1889, 10. 
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individual. On the other hand, Siegfried^ and Balke^ main- 
tained the chemical individual itj of '* anti-peptone/' which, in 
their opinion, was identical with Siegfried's carnic acid. 

Whilst KÜHNE ^ himself makes varying statements as to the 
formula and reactions of anti-peptone^ Siegfried and Balke assign 
to it the formula CjQH^gNgOg. 

They did not succeed in eliminating a small amount of sulphur, which 
they regarded as an impurity. Fraenkel^ describes a method of pre- 
paring anti-peptone free from sulphur. 

Kutscher^ has now succeeded in proving that considerable 
quantities of hexone bases are split off from the so-called aTili- 
peptone by precipitation with phosphotungstic acid, whilst 
leucine, tyrosine, and other amido-acids are obtained from the 
non-precipitable residue. He has also successfully defended 
this important result against the attacks of Siegfried. 

He has, moreover, succeeded in eliminating, to all but a very 
trifling extent, in the digestion of pancreas substance with 
trypsin, the biuret reaction^ which has been described as specially 
characteristic of anti-peptone. From all this, it appears probable 
that Kiihne's anti-peptone must disappear from our conception 
of trypsin digestion, and that the decomposition of albuminous 
substances by trypsin takes place in a perfectly analogous 
manner to that caused by strong sulphuric acid. 

In detail, the decomposition-products of the albuminous sub- 
stances are as follows : — 

Amido-Aoids. — Leacine ^ was first discovered in the pancreas 
by ViRCHOW.7 Subsequently it was found in many organs, and 
also in invertebrates and plants. 

It is a normal product in every energetic decomposition of 
albuminous bodies, horn substance, elastin, <&c. Leucine is an 
umido-caproic acid, probably the a-acid of the formula ^ 

^ Siegfried, Du Bois Arch. /. Phys., 1894, 401. Z, /. physiol. Oh., 
xzi., 360. 

* Balke, Z, phyaiol, Ch,, xxii., 248. 

» Kühne, Z. f. Bid., xxii, 450 ; xxviiL, 671 ; xxix., 1, 308. 

* Fraenkel, Wien. med. Blätter, 1896, 708. 

' Kutscher, Z. physid, Ch., xxv., 195 ; xxvi., 110. Also, Die Emdprod, 
d» Trypnnverdauung HahÜ.'Schr.f Strassburg, 1899. 

^ For a full description and bibliography of leudne, see Gamgee, Phye. 
Chem. d. Verdauung, 244. 

' Virchow, in his Archiv,, vii., 580. 

^ Hiifner, J. pr, Ch, (New Series), i., 6. Schulze and Likiemik, Ber, 
d. d. chem. Oea., xxiv., 669. Gmelin, Beitr. z. Kenntn. d, Leudru, Diss. 
Tubingen, 1892 (very complete bibliography). 
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The vegetable and animal lencines are probably stereo-isomeric, 
possessing the same constitution. 

It has been prepared synthetically from iso-valeric aldehyde-ammonia 
and hydrocyanic acid (HUfneb, loc, cit,). The synthetical product is 
optically inactive ; the natural one, dextro-rotatory. PenicUUnm glaucum 
removes the dextro-rotatory form from a racemio mixture, and leaves 
behind only a Isvo-rotatory variety. 

Isomeric leucines have been described by R. Ck>HN,^ and Hütnkb and 
Nencki.^ The ordinary leucine crystallises in characteristic globular 
masses, melts at about 170° C, and sublimes unchanged in fine woolly 
masses. It is fairly soluble in water, but dissolves with difficulty in 
aloohoL Its phenyl hydatUoin and the ethyl ester of its hydrochloride are 
characteristic (Röhmakk*). 

Tyrosine.^ — In contradistinction to leucine, tyrosine is never^ 
met with in the living tissue of higher animals, except in certain 
diseases^ but^ on the other hand, it is found in many invertebrate 
animals. It ia produced in the decomposition of all proteids» 
with the exception oiffdatin. 

It is a par€H>xi(phenyl'amido^opi<mie acid (synonyms, oxy- 
phenylalanine, o^amido-para-hydrocumaric acid). 

p „ OH * 

CH2 . CH<^Q^2 

It has been prepared synthetically by Erlekmeter and Lipp,^ but in an 
optically inactive form, which was first decomposed by E. Fischeb ^ into 
its optical components. It is soluble with great difficulty in water, and is 
insoluble in alcohoL It crystallises in fasciculated needles, that is, 
grouped in bundles. On boiling with Millon's reagent (mercuric nitrate 
aolution) it gives the red coloration characteristic of proteids. 

Aspartic Acid, as a decomposition product of proteids was 
discovered by Rittuausbn and Kreussler ^ (in vegetable pro- 
teins), and also by Hlasiwbtz and Habebicann.^ It was found 
by Badziejewski and Salkowski 1® in the tryptic digestion of 

1 Gohn, Z, physiol, CA., xx., 203. 

^ Nencki, J, pr, Ch. (New Series), xv., 390. 

* Böhmann, Ber, d, d. chem, Oes., xxx., 1978; xxxi., 2188. 

^ For a full account of tyrosine also, reference must be made to Gamgee, 
loe. cU., 256. 

* Badziejewski, Virch, A„ xxxvi., 1. Kuhne, Unterauck. phy&ioL 
IfutitfU, Beidelb., i., 317. 

* Erlenmeyer and Lipp, Ber. d, d. chem, Ges.y xv., 1544. 
y E. Fischer, Ber, d, d. chem, Ges, xxxii., 2451, 1899. 

' Bitthausen and Kreussler, /. pr, Ch. (New Series), iii., 314. 

* Hlasiwetz and Habermann, Lteb, Ann., clix., S04 ; olxix., 150l 

^^ Badziejewski and Salkowski, Ber. d. d. chem. Ges, vii., 1060, 1874. 
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fibrin^ and in that of gluten by v. KnibbiemJ It is an amido- 
succinic acid. 



««Oh 

OH2.COOH 



It dissolves readily in hot water, bat with difficulty in cold, and is 
insoluble in alcohoL It is Isevorotatory. Its copper salt is characteristio. 
The inactive synthetic aspartio acid, as also £. Fischxk's'^ glutamic add, 
has been decomposed into the two optical components, by means of the 
brucine salt of its benzoyl compound. 

Glutamic Acid was isolated from vegetable proteins by Ritt- 
HAUSBN and Kreussleb,^ and from animal proteins by Hl^isi- 
WETZ and Habekmann^ by means of hydrochloric acid and 
stannous chloride, and by Kutscher ^ with the aid of sulphuric 
acid. In pancreatic digestion it was separated by v. Knieriem.^ 

It is an amido-glutaric acid. 

OH2.COOH 

It dissolves with difficulty in water, and is insoluble in alcohol. M. pt. 
135** to 149*" C. It, too, forms a characteristio copper salt. 

The Hexone Bases. — The portion of the tryptic decomposition 
products capable of being precipitated by phospho-tungstic acid 
contains three bases which Kossel has grouped together as 
hexone bases — viz., lysine, arginine, and histidine. 

LsTffiRe was discovered by Drechsel ® as a decomposition pro- 
duct of casein, and was subsequently examined more fully by 
him and his pupils. It was found by Hedin ^ in the products of 
tryptic digestion. It is isolated most readily in the form of its 
picrate (KosSbl^). It is a 1*5 diamido-caproic acid (Ellingbb^), 
since on putrefying it yields eadaverine (pentamethylene^ 
diamine). 

CH2(NH2) . CH. . CH2 . CHg . CH<^^3^ 

It is dextro-rotatory. 

* V. Knieriem, ZtiUcKf, Biol,, xi., 198. 

•B. Fischer, Ber. d. d, chem. Ots., xzxii., 2451, 1899. 
'Ritthausen and Kreussler, J. pr. Ck. (New Series), iii., 314. 
^Hlasiwetz and Habermann, Lieb, Ann,, clix., 304 ; dxix., 150. 
^Kutscher, Z, phyaiol, CK, xxviii., 123. 

* Drechsel, Abbau der Eiweisskörper (Comprehensive research). DuBois 
Arch., 1891, 248 ; cf. Ber, d. d. chem. Qes,, zzv., 2454. 

'Hedin, ZHt-ßota. Arch., 1891, 273. 
8 Kossel, Z. phyaiol, Ch,, xxvi., 586. 
'EUinger, Ber, d. d, chem, Ges., xzxii., 1899. 
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It forms a di-benzoyl compound (lysuric add), which has a oharac- 
teristic acid barium salt (Dsbchsbl ^), 

Arginine, C^H^^N^Oj, was discovered by Schulze and 
Steiger 2 in germinating lupine seeds (1886). Hedin found it 
to be a decomposition product of albuminous bodies' and of 
horn substance^ and (Kossel^) of protamines. Kutscher^ 
obtained it in artificial digestions with trypsin. With regard 
to its constitution we can form a conclusion from the researches 
of Schulze and Liekernik^^ Schulze and Winterstein,^ and 
Ellinger^ (indirectly through his elucidation of the nature of 
ornithine). 

According to the latter, arginine is to be regarded as the 
kreatine of 1 '4 diamido-valeric acid (ornithine). Its formula is 
therefore 

. (NH) = 0<gg» OH, . OH, . OH, . 0H<gj;53 

On decomposition with baryta water it yields urea and 
diamido-valeric acid {ornithine), 

ScHULZB and Winterstein ^^ have prepared it synthetically 
from ornithine and cyanamide by a method analogous to the 
synthesis of kreatine. The vegetable arginine differs somewhat 
from the animal compound. 

Arginine and its salts were thoroughly examined bv Gulewitsch.** 
The base itself crvstaUises in rosette-hke groups, which melt at 207° C. 
The double acid salt formed with silver nitrate is specially characteristic. 

Histidine. — Histidine was obtained by Kossel ^^ in the decom- 
position of styrine by dilute sulphuric acid, and was subsequently 
shown by Schulze and Wimterstein^' to be a decomposition 
product of albuminous bodies. In pancreatic digestion it was 
discovered by Kutscher." With regard to its chemical pro- 
perties^ there is still but little known." It appears to have the 

^See Clara Willdenow, Z, phyeiol. Ch., xxv., 523. 

^ Schulze and Steiger, Z. phya. Ch. , zi., 43 ; Ber. d. d. chem. Ges,, six., 1177. 

•Hedin, Z. physiol. Ch.^ xxi., 156. * Hedin, t6»d, xx., 186. 

B Kossel, t&td, xziL, 184 ; Kossel and Matthews, ibid,, xxv., 190. 

* Kutscher, t'&td, xxv., 195. 

'Schulze and Likiemik, Ber. d. d, chem. Ges., xxiv., 2701. 

^Schulze and Winterstein, Z. phyaiol. Chem., xxiii., 1 ; Ber, d, d, chem, 
Ges., XXX., 2879. 

•Ellinger, Ber, d. d, chem. Ges., xxxi., 3183. 

^•Schulze and Winterstein, Ber. d. d. chem. Ges., xxxii., 3191, 1899. 
11 Gulewitsch, Z. physiol, Chem., xxvii., 178, 368. 
"Kossel, Z, physiol. Ch., xxii., 76. "Hedin, ibid., xxii., 191. 
"Schulze and Winterstein, Z. physiol. Ch., xxviii., 459, 1899. 
"Kutscher, ibid., xxv., 195. 
"See Kossel and Kutschef, ibid., xxviii., 382, 1899. 
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formula C^HgNjOj* It is separated in the form of its silver 
componnd. 

QljCOCOlL—Amido-acetic acid, CH,<^^g 

has long been known as a decomposition product of gelatin, but has only 
recently been discovered by Sfibo,^ with the aid of a new method, among 
the decomposition products of true albuminous bodies. 

Tryptophan. — Under the nanfe tryptophan,^ formerly protein' 
chromogen, are grouped certain substances, the nature of which 
was long unknown, which are produced in the decomposition of 
albuminous bodies, including that effected by trypsin, and are 
characterised by the fact that they give a red coloration with 
halogens (chlorine, bromine). This red coloration was first 
observed by Tiedemank and Gmelin.' Claude Bernard * next 
showed that this reaction first appeared after the commence- 
ment of decomposition (putrefaction), but confused it with the 
similar reaction given by indol (or naphthylamine as indol was 
at first regarded, cf. Heuala),* which is only formed in putre- 
faction — an error which was afterwards pointed out by Kühne." 

Nbncki ^ investigated the bromine compounds and found that at least 
two substances are formed, which probably belong to the indigo group. 
On fusion with potassium hvdroxide ne obtained pyrrol, indol, &c. SLüra- 
JEFV" on examining the bromine product obtained three distinct sub- 
stances. The chlorine compound was examined by BErriiEB,' who 
succeeded in preparing from it» by means of silver oxide, a basic substance 
free from chlorine. The so-called tryptophan dissolves with difficulty in 
water, alcohol, and ether, but more readily in amyl alcohoL' 

Differences between the Tryptic Digestion of Albominons Sab- 
stances and of Albuminoids. — In general the tryptic decomposi- 
jt^Lon process follows practically the same course. Only the 
liuantitative proportions of the different constituents vary. 
relatin is very readily attacked by trypsin, and its use is there- 
|tbre recommended by Fermi ^^ for the detection of trypsin. 

^ Spiro, Z, physiol, Ch„ xxvüi., 174, 1899. 

'^The name ia due to Neumeister, Z. /. ßiol,, xxvi., 329. 

3 Tiedemann and Gmelin, Verdauung nach Versuchen, Heidelberg, 1826, 
31. 

^CL Bernard, Comptee Rend., 1856, i., SuppL, 403. 

*Hemala, in Krukenberg's Chem, Untera. z, wiseensch. Medizin, ii., 
119, 1888. 

* Kühne, Ber. d. d. chem. Ges,, viiL, 206. 

'Nencki, Ber, d. d, chem, Oes., xzviii., 660. 

^Kurajeff, Z. physiol, Ch,, xxvi., 601. 

'Beitler, Ber. d, d, chem. Qes,, xxxi., 1604 ; Stadelmann, Z.f, Bid., 
xxvi., 491. 

"Fermi, Holy's Jh., 1892, 692. 
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The tryptic digestion of casein was first investigated hj 
Sebelien. Biffi ^ then found that casein was entirely digested 
with the exception of a trifling residue nearly free from phos- 
phorus. He also found fairly large quantities of tyrosine^ casein- 
albumose, and casevn-antipeptone. The phosphorus was partially 
split off as phosphoric acid and partially converted into another 
firmly combined form. As regards the tryptic digestion of other 
nvdeo-proteids and niLcltins no accurate results have been pub« 
lished, but Kutscher' found in the auto-digestion of the 
pancreas xanthine, hypoxanthine, and ffiuinine, which would be 
derived from the protoplasmic substances of the celL On the 
other hand Bokay ' asserts that nuclei'ns resist tryptic digestion. 

Babcock and Buss ell ^ claim to have discovered in ripening 
cheese a proteolytic ferment with a specific action on paracasein, 
to which they have given the extremely unsuitable name of 
galactose. It is stated to work best in weakly alkaline media, 
and to resemble trypsin, though not to be identical with it. 

The Auto-Digestion of Organs. — Under the head of the proteo- 
lytic ferments falls most suitably a description of a remarkable 
phenomenon, in which similar reactions occur-^t.^., the so-called 
auUhdigestion of organs — which has been investigated notably by 
Saleowsei and his pupils. In such cases there is a slow de- 
composition of albuminous substances, although putrefaction is 
excluded (by means of chloroform water), which Salkowski first 
studied in the case of yeast^ but subsequently also in the organs 
of animals.^ He digested the finely-divided organs containing 
fresh blood with ten times their quantity of chloroform water, 
and found that in these self-digesting organs leucine and tyrosine^ 
reducing sugars^ &c., were present, all of which were absent in 
the firesh organs, and, moreover, could not be detected wheii 
the organs were hoUed before the digestion, thus causing thi 
suppositious enzymes to disappear. \ 

He also found more free nuclein bases than in fresh extracts), 
by which result he was able to confirm the statements on 
Salomon.^ \ 

The assumption of proteolytic ferments was then more firmly 1 
established by Schwibning,' who obtained the same results with | 
extracts yrc« /row cells, 

»Biffi, Virck, A,, cliL, 130. 

'Kutscher, EndprocL d, Trypsinverd., 1899. Habilit-Sohr. 

* Bokay, Z, physiol, Ch,, i., 157. 
« Babcock and Russell, Chem. Centralbl., 1900, i., 490. 
' Salkowski, Z. physiol. Ch,, xiii. " Id,, Z. f. Hin, Med., xvii., SappL 
' Salomon, Du Boia Arch,f, Phya,, 1881, 361. 

* Schwiening, Virch, A,, cxxxvi., 1894. 
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BiONDi,! too, found in " digested " calves' livers xomthio baaes, 
but not in control experiments, and considered that he was 
justified in assuming that they were possibly derived by de- 
composition from the nudeo-proteida. He also found alhumoaeM 
and leucine in the main experiment. This process differed from 
tryptio digestion with pancreas powder by the fact that in the 
latter peptones and the tryptophan reaction could be observed, 
whilst they were absent in the aiUa-digestion, and that the 
tryptic digestion dissolved more organic matter, but specially 
by the pancreas ferment not possessing the capacity for de- 
composing nucleins.^ 

Sodium fluoride and thymol proved to be less ejQTective than 
chloroform. Alkalies retard the auto-digestion (Sghwiening) ; 
the effect of acids is difficult to determine, but they appear not 
to interfere with it, in slight degrees of concentration at least. 

Jacoby^ found glycocoU in the auto-digestion of the liver. 
He was able to " salt out " the ferment by means of ammonium 
sulphate. In cases of phosphorus poisoning the auto-digestion 
is said to be greatly accelerated, and to take place even during 
life. 

^Biondi, Virch, A., cxliv., 373, 1896. 

s We have, however, seen above that tr3rpBin also decomposes naclelna» 
at any rate in the auto-digestion of the pancreas. 
3 Z. phyaiol, Ch,y xxx. 
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CHAPTER XL 

THE BACTEBIOLTTIC AND HJSMOLTTIC FERMENTS. 

Proteolttic ferments undoubtedly play a decisive part in the 
phenomena of bacteriolysis and hcemolysis, which, of late years, 
have received special attention. These processes, however, are 
of such a distinct nature that we must speak of them separately. 

For a long time past, the researches of Hans Bdchmbr ^ and 
his pupils have made us acquainted with the power of blood 
serum to destroy intruding bacteria. To explain this phe- 
nomenon, the existence of special protective substances, alexines, 
was assumed, and to these great importance was assigned in the 
production, both of inherited and acquired immunity. It is out 
of my province to discuss the whole question of the alexines and 
the voluminous literature which deals with them, the more so 
since Büchner himself has quite recently expressed the opinion 
that, in these processes, we have to deal with the actions of 
proteolytic ferments. We have thus only the task of describing 
the characteristic nature and mode of action of ihe^e ferments. 

The ferments which effect the destruction of bacteria which 
have forced their way into the circulation of the blood are not 
directly analogous to the ordinary proteolytic ferments which 
act upon all albuminous substances, but are sharply differen* 
tiated from them by their marked specific character. 

Although the normal blood-serum also contains a very trifling 
amount of simple proteolytic ferments and this fact can be used 
with advantage as an illustration, as we shall see subsequently, 
yet the presence of these enzymes is not enough to enable us to 
offer an explanation of these specific bacteriolytic ferments. 

We have here to deal with the fact that, in the active 
immunisation of an animal, particularly against cholera and 
typhus^ bacteriolytic substances are formed in the blood-serum, 
which are capable of destroying, lüithin the body only, those 
bacteria against the action of which the animal was rendered 

* Büchner, Mwich. med, Woch,, 1899, 39-40. 
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immune; thus the cholera antiserum only destroys the cholera 
vibrios, that of typhus only the typhus haciUx, 

We might thus assume that the immune-serum of cholera 
contains a substance which, as a specifically directed ferment, 
possesses the power of destroying the cells of the cholera yibrios. 
This would imply the presence of proteolytic ferments endowed 
with so supersubtle a power of differentiation as compared with 
other ferments, that whereas the latter are specific only for 
large groups of substances, the cholera immtme ferment is so 
sensitive to the refined differences between cell protoplasms that 
it will not attack the typhus bacilli. 

A very remarkable and theoretically important addition to 
our knowledge was made by the noteworthy experiments of 
Pfeiffer.^ F/eißer^s phenomenon teaches us the following 
jGM^ts : — 

When the serum of an animal rendered immune against 
cholera is tested with reference to its bacteriolytic power 
outside the body, it is found that this power is really tu) greater 
than the trifling bacteriolytic capacity of normal serum ^ which, 
as was mentioned above, is to be attributed to the presence of 
proteolytic ferments in the serum. Even of this slight power 
the serum can be completely deprived, e.g., by heating to 55* 0., 
so that it is then powerless against the vibrios. 

But, if this inactive serum be re-introduced into the organism — 
e,g,, if it be injected together with living vibrios into the ab- 
dominal cavity — it immediately develops its intense action upon 
the vibrios and only on these, typhus bacilli, for example, 
remaining unaltered. Thus, the latent capacity of the immune- 
serum is renovated within the organism by some agency. The 
experiments of Metschnikoff ^ and Bordet' prove that we 
have not to deal here with some possible vital capacity of the 
organism. For the same result can be obtained without having 
recourse to the living organism by adding fresh normal blood- 
serum to the inactive immune-serum. This addition is sufficient 
to impart the power of bacteriolysis in its full strength to the 
previously inactive serum. It is thus evident that the latent 
proteolytic power of immune-sera is rendered active again by 
the addition of an agent normally present in blood-serum. 

One might incline to the view that a proferment is possibly 
present in the inactive immune-serum, and is rendered active 
by a zymoplastic agent of the blood-serum. Yet there is no 

' Pfeiffer, D, med. WocK, 1896 to 1898. 

^ Metschnikoff, Ann, Inst, Paaieury ix., 1895. 

' Bordet, Ann, Inst. Poseur, ix., 1895. Quoted by Ehrlich, loc. eit» 
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ground for such a supposition. We know that dUute acide are 
pre-eminent as zymoplastic agents, whilst the blood-serum is 
alkaline ; and, moreover, we never find a zymoplastic activity in 
the blood-serum, whilst, on the contrary, we very frequently 
observe that it has an action directly prejiidicial lo/ermenta. 

Before turning to the attempts which have been made to 
explain this phenomenon we must first describe the very 
similar and theoretically important phenomenon of heemolyns, 
BoRDET ' first discovered that on injecting the blood of a rabbit 
into the circulatory system of a guinea-pig the serum of the latter 
animal acquires the capacity of dissolving in vitro the red cor- 
puscles of the rabbit. This capacity can be destroyed by heating 
the serum to 55^ C, but is again restored by the addition of 
normal serum. The case is thus perfectly analogous to that of 
the bacteriolj/sines. Ehrlich and Morgenroth ' have repeated 
and extended these experiments. They injected sheep's blood 
into a goat, with the result that the goat's serum acquired the 
capacity of dissolving the erythrocytes of the sheep. This 
power was lost on heating, but restored by the addition of 
normal serum ; this latter serum, however, must be fresh, sinoe 
it otherwise loses the power of reacting, even when it has been 
kept in the dark and on ice. From these experiments Ehrlich 
comes to the following conclusions : — 

Both in bacteriolysis and in haemolysis we have an immunisa- 
tion against an intruding substance injurious to the protoplamn^ 
whether it be a bacterium or an erythrocyte. The conveyor of 
this immunising action is an immune-substance. This immune 
substance is perfectly analogous to the anti-toxines, and Ehrlich 
explains its development, like that of the anti-bodies, by the side- 
chain theory. This, as the reader will be aware, postulates that 
the injurious substances which force their way into the or- 
ganism, whether toxines or organised cells, attach themselves 
with the aid of their haptophore groups to the side chains of the 
attacked cells, and that the side chains produced in excess then 
circulate through the blood and form the specific immune- 
substances^ These are partially of an anti-toxic nature, i.«., 
capable of paralysing the poisons which have forced their way 
into the system or have been excreted by the bacteria there. 
The immune-sera, however, which have bacteriolytic powers, do 

^ Bordet, Ann. Inst, Pasteur^ xii. 

2 Ehrlich and Morgenroth, Berl. Hin. W., 1899, 2, 22. 

' As regards the side-chain theory, I mnst refer the reader to Ehrlich's 
publications, especially in the Klin. Jahrb. , vi. Bee also my abstract in 
the Bid. Centrum., 1899. 799. 
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not possess such properties. Pfeiffer^ has shown that they 
are powerless against the action of the poison — e,g., of cholera 
TibrioB. If the animal used in the experiment be inoculated 
with virulent cholera cultures followed after some hours by 
immune-serum, the animal dies from the effects of the poUon^ 
although the phenomena of bttcteriolysis are present to their full 
extent. 

In its ordinary condition, however, but specially after heat- 
ing to öö"" C, the serum containing the immune body exhibits 
no bacteriolytic properties ; these, rather, first appear when to 
the immune substance in the fresh serum, inactive in itself, 
is added a certain something to which Ehrlich has given 
the name addiment, which involves no assumption. This addi- 
ment, then, we must regard as a proteolytic enzyme. 

In the conception of his side-chain theory Ehrlich imagines 
the following process to occur : — 

The immune-STihstance first attaches itself by means of the 
haptophore groups to the substance which injures the proto- 
plasm. By itself it has no destructive infloience on the cell, but, 
on tbö other hand, it possesses the power of attaching to itself , 
by means of another haptophore group, the proteolytic enzyme^ or 
addiment, and thus bringing the active or zymophore* group of 
the latter into contact with the injurious substance, the destruc- 
tion of which it in this way brings about. The specific /unction 
of the immune body lies in the fact that it concentrates upon the 
intruder, to which it is specifically adapted, the enzyme which 
is already present in the blood, though scantily and in a dilute 
condition ; hence the proteolytic ferment need not be specific. In 
support of this conception Ehrlich was able to show that the 
addiment-free immune-substance (after being heated to 55** C.) 
combined qiumtitatively with the erythrocytes adapted to it, 
whilst the latter absorbed no trace of " addiment " from pure 
solutions of that substance. But when the erythrocytes are 
introduced into a solution which contains the immune body and 
the addiment a part of the latter is also taken into combination 
— i,e., since it does not directly combine with the blood-cor- 
puscles it must be indirectly attached to them — ».e., through the 
agency of the immune body. 

We have thus to assume for the explanation of bacteriolysis 

1 Pfeiffer, D. med. Wach,, 1896, Nos. 7 and 8. 

^This terminology is not used by Ehrlich. I have only employed it as a 
mental picture of the analogy with the toxines. Moreover, I observe that 
Ehrliches pupil, Morgenroth, also makes use of it (of. Bact,, 1899, loc. ct't.)» 
though in discussing rennet. 
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and hsBmolysis that a noivspecifie proteolytic ferment is so con" 
cerUraied through the agency of a specific intermediate substance, 
the immune body, that it can now develop its fermentative^ 
albumin-dissolving action. This conception has, however, been 
opposed on different sides. Emmerich and Löw^ have found 
that the exclusion of the bacteriolysis in Pfeiffer's experiment 
does not succeed when the immune-serum is brought into con- 
tact with the vibrios in the absence of oxygen. In this case, 
then, &, fresh addition of addiment — i.6., of proteolytic enzyme — 
is not necessary. It is, however, a simple matter to explain this 
by the assumption that the enzyme already present is not so 
rapidly destroyed in the absence of oxygen as when it is present. 
GDhey do not state whether bacteriolysis still occurs after the 
heating to 65^ C, in which case the original addiment would be 
destroyed. 

Büchner^ opposes Ehrliches conclusions from another point of 
view. 

He contends for a complete separation of the immune body 
from the proteolytic ferTuent^ the alexine. While he fully con- 
firms Ehrlich's results, he draws other conclusions from them. 
The immune body, which resists heating to 55** 0., is specific^ 
and combines with the substratum ; the ferment destroyed by 
the heat — the alexine = Ehrlich's addiment — is not specific, and 
80 does not combine with the substratum. As regards the non- 
specific character of the ferment, which, indeed. Ehrlich also 
assumes, he gives in addition the striking proof that even the 
serum of a third and different species of animal can act as a 
proteolytic ferment, and that the serum belonging to the erythro- 
cytes which are to be attacked can also fulfil this function. All 
this substantially agrees with Ehrlich's views. Ehrlich, too, 
asserts, unthout exception, the specific nature of the immune 
body : the difference lies in the facts that Ehrlich, on the one 
hand, ascribes to the immune body as such no injurious influence 
upon the intruding substance, and that he ordy regards the 
activity of the ferment as being induced through the agency of the 
anti-body, whereas Büchner is willing, it is true, to make a sharp 
distinction between the two processes of the fixation by the 
specific immune body, and the solvent action of the alexine, but 
instead ascribes to the immune body, as such, an influence on 
the protoplasm, as well as a determining influence upon the 
activity of the alexine. 

The bacillus or erythrocyte is first so influenced by the action 



^Emmerich and Low, Z. /. Hyg., 1899, 1. 
« Büchner, Afiinch. med. Woch,, 1900, 277. 
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of the anti-body that it falls a prey to the alexine.' Now, thia 
would really only be a dispute as to terms, in which Ehrlich 
gives a fuller definition of the '^determining momentum" in 
stating that the ferment is directed towards the cell through 
the agency of the immune body in an ahaolutely definite mannsr. 
The difference lies deeper, however. Büchner sees in the phe- 
nomenon of aggliUination an actual directly injurious influence 
of the immune body by itself upon the cell. In fact, the sera 
when freed from the addiment still show the property of ag- 
glutinating the corjmscles of the blood (Borobt, loc. cit), and 
the immune-sera behave in a similar manner towards bacteria 
In this alteration of the upper layers of the cell-protoplasm 
Büchner detects the manifestation of an injurious force of the 
pwre immune body. The cells thus injured are represented as 
being then first accessible to the attack of the alexines, whilst 
the latter cannot attack cells which have not been so prepared. 
To this Ehrlich objects that it is not permissible to identify 
agglutinines with the specific anti-bodies without further proof, 
since the two processes, bacteriolysis and agglutination, are not 
always inseparably bound up with one another. 

Moreover, assuming that the agglutination is really a coTistant 
/unction of the immune body, it is not comprehensible why the 
fixation of the latter to the cell protoplasm, which doubtless 
occurs, and has also been assumed by Büchner, should not be 
accompanied by changes in the cell-structure capable of being 
recognised under the microscope. 

On the other hand, against Buchner's assumption that the 
action of the alexine is a phenomenon which, although attended 
by a preliminary action of the immune body, is yet independent 
of the latter, may be urged the fact established by Ehrlich of 
the indirect combination of the ferment with the substratum 
through the medium of the immune body. 

If, then, Ehrlich's theory be compared from this point of view 
with Buchner's views, it is evident that there is essentially no 
very profound difference between them ; if we exclude the, as yet 
unsettled, question of the definite existence of agglutinines, we 
find in both specific anti-bodies and non-specific proteolytic enzymes. 
It is only by the combined action of both agents that the plasma^ 
tolysis^ is brought about. The only important difference then 

1 Of. Trumpff, Z.f. Hyg., xxxiii., 70. 

^ It would he distinctly advisablo to find a common name for the very 
similar phenomena of bacteriolysis and hemolysis and some other allied 
processes. Plasmolysis and Gytolysis have unfortunately been applied by 
the botanists to other phenomena ; possibly the word jJasmcUolyats might 
be used. 
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remainiog is that Buchner assumes only a certain weakening of 
the cell structure, -which prepares the way for the action of the 
ferment, whilst Ehrlich, reasoning from his side-chain theory, 
the ultimate consequences of which Büchner does not admit, 
constructs a pictorial representation, which is, of course, purely 
hypothetical, of the reciprocal relations of the immune hody and 
the ferment. 

On one point Büchner is obviously completely right — «.«., in 
offering an uncompromising resistance to the expression, restorof 
tion of the CMtivity of the immtme body. The specific bacteriolytic 
or hemolytic function is, aa the results on both sides have 
shown, not the product of a single specific bactericidal substance. 
The action, in any case, is brought about by the combined 
activity of a specific immune body, capable neither of being 
rendered inactive nor of having its activity restored, and of a non- 
specific proteolytic ferment whicli is equally incapable of hamng^ 
its activity restored, but which can be readily destroyed and can 
be replaced by fresh material 

But such a restoration of activity is not even assumed by 
Ehrlich, but only a production of activity through the agency of 
a non-specific proteolytic ferment of the serum, combined, in 
some way or other with the immune body. 

To my mind, no deep-seated difference between the views of 
Ehrlich and of Büchner appears to be involved in this point. 

The proteolytic ferment, Buchner's alexine and Ehrlicb's addir- 
ment, is thus present in every fresh serum. With regard to its 
nature, we can say no more than that it is far more sensitive to 
the action of hecU, as also of light and air, and even to the 
alkalinity of the blood, than any other known ferment. No 
attempts have as yet been made to isolate it. 

The question of the significance of leucocytes in the formation 
of bacteriolytic substance has given rise to particularly vigorous 
discussion. Pfeiffer ^ was able to show that bacteriolytic 
processes did not occur with greater intensity in liquids rich in 
leucocytes than in ordinary serum, and Moxteb,^ who studied 
the process of dissolution under the microscope, was able to oon- 
firm this. On the other hand, Buchneb,^ for instance, has 
shown that it is extremely probable that the ferments required 
for the bacteriolysis (alexines) have their origin, for the most 
part at least, in the leucocvtes, for both pus and other media, 
rich in leucocytes, also exhibited vigorous proteolytic properties 

1 Pfeiffer, D. med. Woch,, 1806, Nob. 7 and 8. 

« Moxter, D, med. Woch., Ib99, No. 42 (BibUography). 

' Büchner, Munch, med. Woch., 1900, 277. 
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(Lbbbr ^). Possibly we might be right in assuming that, 
although the liquids rich in leucocytes contain more alexines, a 
given quantity of the immune body also finds in the serum 
sufficient ferment to eifect a maxi/mum hacteriolysisy and that an 
excess of ferment does not further intensify the process. In 
that case, our special interest in this question would be at an 
end j for the other special factors of this process, the immune 
bodies, are not ferments. They are, however, so closely bound 
up with the whole question of plasmatolysis that we will briefly 
add some further remarks about them. 

We will not open up any further here the question of their 
origin. It is entirely included in the wider dispute as to the 
origin of the anti-bodies. Whilst Ehrlich and others assume 
that the antibodies are products formed for the protection of 
the attacked organism^ Büchner and his supporters regard them 
as modified bacterial substances. As regards their place of 
origin^ Pfeiffer and Mabx^ have proved that the spleen and 
marrow of the bones are of primary importance in this respect. 

We must not confuse with these specific bacteriolytic sub- 
stances the simple bactericidal substances originating from the 
Uueoeytes, the significance of which has been clearly established 
in the case of wucleic add, for example, by A. and H. KosssL»^ 

^ Leber, Ihiatehung der Entzündg,^ Leipzig, 1891. Quoted by Büchner» 
Uk, cU, 
* Pfeiffer and Marx, Z. f. Hyg., xxvii. 
' A. and H. Ko6sel> Z. /. Hyg.^ xxvii. (Bibliography). 
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CHAPTER XIL 

VEQETABLE FROTEOLTTIG ENZTME8. 

The discovery in the germinating parts of plants of soluble 
nitrogenous substances, which were then regarded as the 
degraded products of the decomposition of albumin by chemical 
or fermentative actions, was made long ago. The first were 
asparagin, which Yauquelin and Robiquet^ found in asparagus, 
and glutamic acid, first discovered by Schulze and Babbiebi in 
pumpkin seeds, where it is accompanied by asparagine and 
ammonia. Subsequently this field of research was explored, 
notably by E. Schulze 2 and his pupils. 

When, then, Gorup-Besanez ^ discovered leucine, which is one 
of the main decomposition-products of albuminous substances, 
accompanying asparagine and glutamic acid, and peptones were 
found by Schulze in germinating lupine seeds, it was not a great 
step to infer that in the embryos of plants, which, like the animal 
organism, must maintain themselves from stored-up nutriment 
without assimilation, proteolytic ferments were present in addi- 
tion to the long-known diastatic ferments. In fact, Gobup- 
Besanez ^ shortly afterwards succeeded in isolating diastatic and 
proteolytic ferments, which were simultaneously present, from 
germinated vetches, and also from hemp, linseed, and barley.^ 
In the last-named he found no leucine and tyrosine, but only 
peptones. From germinating lupine seeds, however, he was 
unable to isolate any ferment. On the other hand, Green* 
obtained from the sprouting seeds of Lupinv^ hirsutus, an 
enzyme which produced the " so-called " peptone, leucine and 
tyrosine, but was only active in acid solution. He assumed that 
a zymogen was present in the quiescent seeds. 

^ Quoted by Piria, Armed, d. Chim, et Phya, (iii.), xxii., 160. 
3 Vide Schulze and his pupils, LandvTirthsch, Jahrb. ^ v., 281 ; vL, 681 ; 
vii., 411 ; ix., 6S9 (gives bibliography), 
•v. Gorup-Besanez, Ber, d. d. ckem. Ges., vii., 146, 1874. 

* V. Gorup-Besanez, Ber. d, d. chem. Oes,, vii., 569, 1478. 

* id., Ber. d. d. chem. Ges., viii., 1510. Cf. Sitzb. d. Erlanger phys. med. 
ßoc. (8), xi.. 1874. 

«Green, Philofi. Tramact. Royal 80c., clxxviii., 1887, 39. 
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Van deb Harst^ succeeded in isolating a similar ferment 
from the cotyledons of germinating garden beans. Pokhl ^ has 
found a ferment resembling pepsin in the leaves of certain 
dicotyledons. Neumeister^ opposed the statements of Krauch,* 
who had found no ferments at all, but he was unable to confirm 
their occurrence in ungerminated vetches and lupines (Green, loc, 
CÜ,). Apart from this, he frequently met with proteolytic 
ferments in plants. Hansen^ did not find any enzyme in 
vetches. Green ^ also found one in the germinating seeds of 
Ricinus communiSf and Daccoho and Tommasi^ in AnagaUia 
arvensis. Proteolytic ferments were found by Fermi and 
BuscAGLiONi 8 in numerous plants and parts of plants, also in 
roots, tubers, &c. According to Soheurer-Kestner,^ a flesh- 
dissolving ferment is formed in the baking of bread. 

Papain. —It was discovered long ago that the fruit and milky 
sap of the papaW'tree, Carica papaya, contained a substance which 
had an energetic action upon flesh, rendering it flabby and sofb. 
Hence it was used by the aborigines of the Antilles and Brazil 
as a culinary adjunct. 

The oldest descriptions of it extant are those of Griffith* 
Hughes^® in 1750, and of Brown" in 1756. Fuller investiga- 
tions on the botanical character of Carica papaya are described 
by Hooker^' and by Wight." Then Wittmack" studied the 
plant and also investigated the ferment. 

This proteolytic ferment from the vegetable kingdom, which 
resembles trypsin, was first prepared by Moncorvo " from the 
sap of Carica papaya^ and named carudn by him. 

1 Van der Harst, Naturforscher, xi., 108, 1878. 

'Poehl, Ueberdaa Vork, u, d. Bildg. von Peptonen, &o.. Diss. Dorpat, 
1882. Cf. Biol. CeiUrMl, iii., 252. B. d. d. chem. Oes,, ziv., 1355. 

* Neumeister, Z, /. Biolog. , xxz. 

* Ejrauch, Landmrthsch. Verauchsatat., 1879, 78 ; 1882, 303. 

* Hansen, Arb, a, d, botan. Inst. Würzburg, iii., 281. 
« Green, Proc. Royal 8oc., xlviii., 370. 

^ Quoted by Green, Ann. qfBot., vii., 112. Cf. McUy*a Jh., 1802. 
« Fermi and BnacagUoni, Cf. Bakt. (U.), v., 125, 1899. 

* Scheurer-Kestner, Comptea Rend., xc., 369. 

^« ♦ Hughes, Natural ffiatory of Barhadoea, 1750, vii., 181. 

" ♦ Brown, Civil and Natural ffiatory oj^ Jamaica, 1756, 160. 

" * Hooker, Botan. Magazine, New Series, iii, 2898. 

» ♦ Wiöht, lüuat. of Ind. Bot.^ ü., 34, 1850 (Nos. 10-13, quoted from by 
Wittmaok, vide infra). 

1* Wittmack, Sitz. Ber. d. Oea. Naturforscher Freunde Berlin, 1878, 40, 
gives all the older literature about Gariea papaya and its aotion in 
generaL 

^* * Monoorvo, Journal de Thirapie, vii., 6, 1880. 
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Beokholt^ gave an accurate account of the plant and its 
seeds, and also referred to the capacity for dissolving albumin 
possessed by the milky sap; he attempted to isolate this 
ferment, and gave it the name of papayotin, Wittmack {loc 
etLSalBO tested the chemical activity of the fruit and sap. 

WUKTz' was the first to examine it more thoroughly. He 
found it also in the leaves and stems of the plant, and gave it 
the name of papain, which, in addition to papayotin, is generally 
used at the present day. Wurtz ' precipitated it by means of 
alcohol from an aqueous extract of the sap, purified it by further 
treatment, and examined it more closely. 

He regarded it as a substance of an albuminous nature. It is soluble in 
water, £>rmiiig a neutral solution, which is non-difiusible, and becomes 
turbid on boiling. Mercuric chloride gives a turbidity in the cold and a 
precipitate on boiling. Lead gives a turbidity soluble in excess, and 
strong mineral acid precipitates also soluble in excess. Precipitates are 
produced by platinum chloride, tannin, and acetic acid with potassium 
lerrooyanide. It gives results similar to those obtained in the elementary 
analysis of albuminous substances, and contains sulphur. 

According to Martin,^ commercial papain is not completely 
soluble in distilled water. 

Martin {loe. cii,) confirmed, in the main, the reactions de- 
scribed by Wurtz. His aqueous extract contained an albumin, 
a globulin, and two albumoses. The ferment was attached to 
one of these, and Martin ^ was unable to separate it therefrom. 

^ He obtained the latter albumose by extraction with ^Ivcerin and pre- 
cipitation with sodium and magnesium sulphates, or witn a mixture of 
ether and alcohol. He named it a-phytallmmoae. It was identical with 
<< vegetable peptone," Vine's hemi - albumose. It resembled Kuhne's 
prot<H)Ubumo8es, whilst the /S-phytalbumose was more akin to the hetero- 
albumoses. The globulin was related to myosin and paraglobulin. 

Harlat* studied the influence of heat upon papa^in. He 
found that when dried it could resist heating to 100® C. ; but 
that in solution it was weakened at 75"* 0. and destroyed at 
825' 0. 

As regards the action of papaya juice, the first experiments 
were made by Rot,^ who found that it dissolved alouminous 

^ Beckholt, ZeUachr, d, aUg, ögterr. ApotTiekervereina, zvii«, 961, 373; 
Pharmaceniieal Journal, 3rd Series, z., 343, 3S3. 

* Wurtz and Bouchut, Comptea Rend,, bcxxix., 425, 1879. 
» Wurtz, Comptea Rend.y xc, 1379, 1880. 

* Martin, Joum, of Physiol,, v., 313, 1884. 

* Martin, Brit, Med, Joum., 1885, 60 ; Joum. of Physiol,, vi, 33a 
«Harlay, Joum, Pharm, Chem, [6], xl., 268; Chem. CetUraXbl., 1900, i., 

918. 
7 Roy, Glasgow Med, Joum., 1874, quoted by Martin, Zoc ctt. 
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snbstanoes, thoagh he did not describe the prooesB as digestion ; 
similar experiments with the juioe were afterwards made by 
Albrbcht.^ 

WuRTZ * attributed to it the property of digesting fibrin in a 
neutral solution, in which process it first combined with the 
fibrin and then dissolved it; peptones and leucine, he stated, 
were produced, but no tyrosine. Rossbach* asserted erro- 
neously that papain acted as energetically in the cold as on 
heating, which was refuted by Martin. The latter confirmed 
the statement of Brunton and Wtatt,* which had been ques* 
tioned by Albrscht and Bosbbach — viz., that an acid reaction 
prevented the action of the ferment. Martin* used dried 
coagulated egg-albumin in addition to fibrin. 

nie ferment also reacts in a weak alkaline solution, the best 
being 0-25 per cent, solution of sodium hydroxide (Martin, 
loe, cit). 

Weeo ' found that the action took place best in neutral solu- 
tion, and that it was checked by hydrochloric acid and by alka- 
linity; on the other hand, Hirschler' and Sittmann' found 
that dilute acids had a stimulating influence and alkalies a 
retarding efiect, whilst Chittenden * obtained the same results 
in neutral, faintly acid, and faintly alkaline solutions. Hirsch,^^ 
again, found that the presence of hydrochloric acid, up to 0*2 
per cent, had a beneficial efiect In such a solution fibrin was 
oissolved as rapidly as in a solution of pepsin and hydrochloric 
acid. The fermentation ceased in a 1 per cent, solution of 
sodium hydroxide. 

In the digestion with papain a globulin is formed first, and 
this is then peptonised. Peptones and leucine can be detected 
in the liquid dialysing through a membrane; only a slight 
amount of tyrosine is produced. 

The fermentation is checked by hydrocyanic acid, but only to 
a very slight extent by thymol. 

1 Albrecht, Garreap, BL /. Schtoeizer AenU, x., 680, 712, 1880; Schmidt's 
Jahrb,y oxc, 4. 

3 Wurtz, C. /?., loe, cU, ; aho C. Ä, xci., 787. 

s Rossbach, Z.fjclin, Med,, 1883, 527. 

«Bninton and Wyatt, Praclüioner, 1880^ 301, quoted by Martin. 

'Martin, Jotim, qf Physiol., v., 220, 

* Weeg, Ueber Papain, Diss. Bonn, 1885. 

'Hirschler, Ungwr, Arch./, Med., L,341 ; Mal^sJh., 1892, 19. 

* Sittmann, Munch, med. Woeh., 1893, 548. 

* Chittenden, Transact, qf the Connecticut Acad, of Aria and Sciences, 
1892, iz. Quoted in Amer. Joum. of Med. Science, 1893, 452. 

1® Hirsch, Therap. MonatsK, 1894^ 609. 
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Mabtin ^ sabsequently subjected the protelds of the juice itaelf to the 
digestive process, as had also been previously done by Wurtz. Globulin 
and albumin were first converted into ^-phytalbumose, and then into bodies 
of a peptone character, which were also formed from the a-phytalbumoee. 
Finally, leucine and tyrosine were produced. 

CHiTTsyDEN ' has made a quantitative estimation of the proportions of 
dentero-albumose and peptones in the digestion products. He finds that 
when a large quantity of papaya is present the amount of peptones is 
relatively increased. 

Papain does not attack living protoplasm; it is completelj 
innocuous (?) ; on subcutaneous injection it produces slight local 
symptoms (Rossbach ') ; on the other hand, it is said to destroy 
intestinal worms (TussAO *). 

Therapeutically papain and similar preparations from the fruit of the 
Carica papaya {e,g. , Keuss's papain) have b»9n employed, on the one hand, to 
dissolve diphtheritic membranes,* and, on the otner, as an aid to digestion 
— e,g,y when there is a deficiency of hydrochloric acid in the stomach, but 
with doubtful results {inter aiioe, notably, Sittmanv,' Hibsch,^ Osswald,' 
Geotb»), 

Papa^ra is also used on a large scale in the artificial peptonisins of flesh, 
as, for instance, in the manuacture of Antweiler's^^ and Cibirs^^ flesh 
peptones. 

Wittmack" and Bouchut" have prepared from tbe juice of 
the fig tree, Ficus carica and F. macrocarpa, a ferment similar 
to papain, and Chittenden'^ has obtained from the juice of the 
pine-apple a proteolytic ferment more closely resembling pepsin, 
to which he has given the name of bromelin, Hansen " has 
investigated more fully the pepsin-resembling ferment of Ficus 
carica, and has prepared by its action hemi- and arUiralbumoie, 
In other milky saps — e.^., those of Ficua dastica^ Chdidonium, 
and Euphorhiacece — no proteolytic enzymes were found by 
Hansen. Green'' discovered one in the fruit of Cucumis iUi- 

^Martin, Jowm, qfPhytiol., vi., 355. 
'Chittenden, Amer. Joum, ofPhytiol,, i., 634, 1898. 
'Rossbach, yC,f. Jdin. Med,, 1883, 527. 

'Tussac, J^ore midic. des AntiOea, üi., quoted by Wittmaok, loc, cit. 
'Rossbach, Bed. Jdin. Woch., 1881, 133. 
'Sittmann, Afitnch. med. Woch,, 1893, 548. 
7 Hirsch, Therap. Afanatsh., 1894, 609. 
'Osswald, Munch, med. Woch,, 1894, 665. 
'Grote, DeuUche med. Woch., 1896, 474. 
*• J. Munk, Ther. Monatsh., 1888, 276. 

^^ Rosenheim, Kranich, d. Speiseröhre und d. Magen», 1891, 134. 
" Wittmack, V&rs. d. Nalwrf. u. AerzJte, 1879, 222. 
^Bouchut, Compt Rend., xoL, 67, 1880. 
** Chittenden, yotir». d. Physiol., xv., 249. 
"Hansen, Arb. a. d. hot. Inst. Wurzhurg, iii., 26«. 
"Green, Ann. qf Botany, vi., 95, 1892, 



Digitized by 



Googk 



VEGETABLE PBOTBOLYTIC SNZTMES. 133 

lissifMu, both in the juice and in the pericarp. It works best 
in weakly alkaline media, and is thus similar to trypsin. 

The so-called Carnivorous Plants^ approximate still more 
closely in this respect to the metabolism of animals. 

They possess the power of utilising animal albumin, and thus 
it was to be expected that we should be able to obtain proteolytic 
enzymes from them. 

The first publication on the albumin-digesting power of the 
glands of Nepenthes was made by Hooker,^ who was inclined, 
however, to attribute the activity less to secretion than to other 
factors, principally bacteria. Darwin ^ described a similar phe- 
nomenon in DionoBa. 

The first experiments with Drosera rotundifolia were made by 
Rbeb and Will.^ They prepared glycerin extracts of the leaves, 
and obtained a slightly acid liquid, which had a peptonising 
action — i»e,, on the addition of dilute hydrochloric acid. Similar 
results were obtained by v. Qorüp-Besanez ^ with Nepenthes^ 
and almost simultaneously by Lawson Tait ^ and Vines ^ with 
Nepenthes hyhridus and N, gracilis^ the former using the leaves 
and juice itself, and the latter glycerin extracts as well. On 
stimulating the glands^ v. Qgrup-Besanez found an acid juice 
with strong digestive powers ; when at rest, this was neutral, 
and showed but little activity, but on the addition of dilate 
hydrochloric acid it became active. He detected peptones in 
the liquid. Hansen,^ too, found a proteolytic enzyme in Ne- 
perUhes. 

Vines has also shown that the existence of a zymogen is very 
probable. He discovered no ferment in Sarracenia. 

Completely analogous results have also been obtained in the 
case of insectivorous plants. 

Canby^ observed that flesh was dissolved by Dioncea muscipula^ 
which even efiected the solution of a fairly large myriapod. 

CoHN '^ made similar observations in the case of Äldrovandia 

1 On this point see the comprehensive work of Pfeffer, Landwirthach. 
Jahrbücher, vi., 969, 1877* 
' Hooker, Address, British Aasociation, reported in Nature, x., 366. 
' Darwin, Inaectivorofu Plants, 2nd editioD, 1875. 

* Rees and WiU, Botanische Zeug., x., 29, 1875; cf., 8it2b. d. Erianger 
phye, med, Soc, 1875, viii., 13. 

' Gorup-Besanez, Ber. d, d. chem. Oea., a,, 673. 

« LawBon Tait, Nature, 1875, zii., 251. 

^ Vines, Joum, o/Anat, and Physiol,, xi., 124. 

* Hansen, Arch, a. d, hotan, Inst. WUrzburg, iü., 265. 

* Canhy, Oesterr, botan. Ztachr., zix., 77 ; zzv., 287. 

*• Cohn, Beiträge z. Bid, d. Pflanzen, i.. Part 3, 71, 1875. 
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venctdoaa and Utrieularia vulgaris^ and Oanbt^ in the case of 
Darlingtama Califamica. 

MoB&XK,' who worked on Droiera and Fingwculay went 
deeply into this question in numerous researches. At first be 
was not convinced of the identity of this process with the phe- 
nomena of digestion, but afterwards was converted to this view, 
and then supported it very vigorously. 

The accepted views on the pepsins of insectivorous plants 
(Nepenthes) were attacked by Dubois,^ who could not observe 
any action when air was excluded, but only when bacteria had 
access (naturally not a very remarkable result, since his extract 
was only " l^g^rement acide," and he added no more hydrochloric 
acid). They were next attacked by Tischütkin,^ who intro- 
duced pellets of albumin into closed tubes, and on their spon- 
taneous opening could not detect any digestive action, but rather 
attributed the action exclusively to bacteria. This again was 
opposed by Goebel,^ and by Yines,^' who in his later experiments 
eliminated the organised ferments by the addition of a few aa 
of 2 per cent, hydrocyanic acid, and under these conditions was 
able to confirm his former results. LeuciTie was found in the 
products of the digestion, but no true peptones. 

The Nepenthes enzyme, in particular, thus appears, like papain, 
to occupy an inUrmediate position between pepsin and trypsin. 
In its action it more closely resembles trypsin, but acts in acid 
solution, and is also very resistant to the influence of alkalies 
(Vines, loc, cit.). 

Proteolytic Ferments in Cryptogams.— Proteolytic ferments 
also occur in moulds. Poehl ^ found them in FemciUiumy and 
BouBQUELOT and Herisset^ in Aspergühis niger. In other 
moulds they discovered a ferment which dissolved not fibrin or 
albumin, but casein^ Malfitano^^ found in Aspergilhu an 
enzyme capable of isolation, which was active in an acid solution. 

Hjort " found in fungi (Agarictis, &c.) a tryptic ferment which 

* Canby, Oesterr, botan, Ztg,, xxv., 287- 

' Morren and others, BidL de V Acad, de Sdencea d, Bdgiqm, 2Dd series, 
xxxix., 870; xl., 6, 625, 1040; xlii., 1019. 
3 Dubois, Comptea Bend,, cxi., 315, 1890. 

* Tischutkin, Abstract in Bot. Centralbl., 1., 304, 1892. 
> Goebel, PJlame/nbiol. Schildervng, ii., 173, 1893. 

' Vines, Annals of Botany, xi., 563, 1897 ; xii, 545, 1898. 

7 Poehl, Biolog. Centralbl., in., 2512. 

" Bourquelot, Bull, de la Soe. de Myed. de France, ix., 230. (Reprints) 

B Bourquelot and Herissey, C. B., oxxvii., 666. Bvll. Soe. MyeoLt xv., 
1899. (Reprint.) 
10 Malfitano, Annal. Inst. Fasteur, xiii., 60, 1900. 
" Hjort, Centralbl. f. Physiol., z., 192, 1896. 
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worked best in a neutral solution and produced leucine, 
tyrosine, and tryptophan. 

A proteolytic ferment was discovered by Kbukbnbbbg ^ in 
Fuligo septica. 

According to Gebet and Hahn,^ the endotrypsin of yeast 
represents a new type of digestive ferment. It is only active in a 
slightly acid solution ; on the other hand, its products resemble 
those of tryptic digestion. Albumoses are only formed to a 
very slight extent, and no peptones at aU. At the end of the 
reaction 30 per cent, of the nitrogen is in the form of bases and 
70 per cent, in the form of amido-acids. Oxygen, neutral salts, 
and dilute acids have a stimulating influence, whilst mercuric 
chloride, phenol, and concentrated solutions of glycerin and 
cane sugar are injurious, as is also concentration of the expressed 
yeast extract. The enzyme is not dialyzable ; it gives neither 
the biaret nor Millon's reaction. The optimum temperature for 
its action is about 40" to 45° C, and it is destroyed at 60** 0. , At 
37'' 0. it remains active for nine to fifteen days. 

From bacteria, too, numerous proteolytic ferments have been 
isolated,^ some of which pass directly into the culture medium 
in an analogous manner to the toxines of pathogenic micro- 
organisms, and can be isolated by filtration through a porcelain 
filter, whilst others are firmly attached and can only be obtained 
by killing the bacteria {e.g., by heat) in an analogous manner to 
yeast invertase. Thus they have been obtained from anthrax 
THankin *), Koch's cholera vibrio (Bitteb ß), and other vibrios 
(Macfadybn •), putrefactive bacteria (Hupner^), and others. 
Brunton and Macfadyen^ have succeeded in isolating from 
bacteria which liquefied gelatin proteolytic enzymes, the action of 
which was checked by acids. Wood® prepared from dijQTerent 
bacteria enzymes which were somewhat different, especially in 
their behaviour towards acids. Y ignal * succeeded in isolating 
the most opposite kinds of enzymes from B. mesenterictia viUgaius* 
According to Libobiüs,^^ no enzymes are separated if oxygen 
be excluded. Febhi," who has made a thorough investigation 
1 Krukenbers, UnJters, phys. Inst, Heidelberg, ü., 273. 

* Geret and fiahn, Z.f. Biol., 1900, xl., 117. 

* The literature is given by Flügge, Micro-organismen, 1896, 207. 
^ Qtto^ from Green, Ann. o/Jbot., viL 

* Bitter, Arch. f. Hygiene, v., 245, 1836. 

* Macfadyen, Joum. qfAnat. and Physiol., xxvi., 409, 1892. 
y Hiifner, Joum. pr. Ch., N.S., v., 872, 1872. 

" Bmnton and Macfadyen, Proc. Boy. 8oc., xlvi, 542, 1890. 

* Wood, Labor. B^porie, Boy. Coll. Phys. Edinburgh, ii. Quoted firam 
Green, loc. cit. " liboriua, Zeitschr.f. Hyg., i., 116. 

" Fermi, Arch. /. Hyg. , ziv», 1 . Fermi and Pampersi, Maly^s Jk « 1897, 827. 
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of the tryptic bacterial ferments, states that they have only a 
solvent action on albumin, and do not peptonise it. He also 
obtained them from culture-mediayree ^rom albv/min. According 
to his results, the ferments of the different bacteria show the 
greatest variations in almost every respect. Those of the 
vibrios are the most resistant — e.^., even towards more elevated 
temperatures. As regards their activity, these enzymes, as a 
rule, offer a greater resistance to poisons ; according to Wood,* 
the cholera vibrio forms an exception, its enzyme being de- 
stroyed more rapidly by carbolic acid than the vibrio itsel£ 

Although the vegetable ferments, which we have just do- 
scribed, are secretion-products of the cells and can be obtained 
from them without violent treatment, there are also proteolytic 
ferments in the lower plants, which, like Buchner's zymase {q.v.\ 
are, as a rule, only active in the interior of the living cell, and 
can only be isolated from it by the same violent measures. 

Salkowski ' was the first to state that yeasty when protected 
from putrefisustion, digested itself. 

Hahn ^ next made the observation that the liquid expressed 
from yeast, after the addition of chloroform, possessed the power 
of dissolving phenol-gelatin. He then further studied this 
question in collaboration with Gbret,^ and found that the 
liquids expressed from various yeasts contained proteolytic 
ferments. These produced leucine and tyrosine very rapidly, and 
also nucleic bases, phosphoric acid being split off; but, on the 
other hand, there were no true peptones formed. When albumosea 
were added, they rapidly underwent further decomposition. 

Hydrocyanic acid, which, in very minute quantities, checks 
the activity of organised ferments, had no appreciable influence. 

According to Gerbt and Hahn,^ exactly similar enzymes are 
present in the expressed liquids from the bctcilli of tuberculosis^ 
typhus bctcilli, and Sardna rosea, as also from germinating lupine 
seeds. 

A similar proteolytic ferment was obtained by Emherich and 
Low ^ from pyocyaneus cultivations^ which, when left to them* 
selves, gradually died and liquefied. They named it pyocyanase. 
It possessed the properties of an enzyme, and dissolved fibrin 
^^^ egg-albumin. 

^ Wood, Labor. Reports, Roy, Coll, Phys, Edinburgh, ii. Quoted from 
Green, loc dt. 

^Salkowski, Zeitachr, /. Jelin, Med., xvii., Sapplem. Z. physUl, Ch,, 
xiil, 506. 
> Hahn, Ber, d. d, chem. Oes., xxxi., 200, 1898. 

* Qeret and Hahn, ibid., zxxL, 202, 2335. 
<^ Geret and Hahn, ibid. , xxxi., 2335. 

* Emmerich and Low, ZeUscK f. Hygiene, 1899, 1. ^ y 
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CHAPTER XIIL 

BENNET (CHTMOSIN). 

The fact that tbe mucous membrane of the fourth or true 
stomach of the ecUfhaa the power of causing milk to coagulate 
has long been known,^ and even in the remote past its practical 
results had been applied in the manufacture of cheese. Beb- 
ZSLIUS was the first to point out that the process was inde- 
pendent of the /orma^ion of lactic acidt to the influence of which 
the coagulation had at first been attributed. Liebiq assumed 
that in the formation of lactic acid the alkali was taken into 
combination, and that thus the casein was precipitated; this 
view, however, was refuted by Selmi,' who showed that milk 
could also coagulate in an alkaline solution. The scientific dis- 
covery of the action of rennet was made by Hsiirrz,' who, in 
opposition to the older view, which regarded the rennet- 
coagulation as an action of pepsin or the gastric acid, or as 
connected with the production of Iodic acid (Sozhlet^), showed 
that the mucous membrane of the stomach caused milk to 
coagulate both in acid and alkaline solution. 

Hammarst^n ' and A. Schmidt* next proved that this coagula- 
tion is brought about by means of a ferment, to which he gave 
the name of lab ferment or chymoain (anglich rennet). He showed 
the difference between this true rennet-coagulation and acid- 
ooagulation, and proved conclusively by his experiments with 
solutions of casein, free from lactose, that the formation of 
lactic acid had no connection with the rennet coagulation. The 
coagulation was recognised tis fermetiiative action by the fact that 
the whey poured off from cheese had the power of again causing 
coagulation. 

^ A very interesting historical review from the earliest times is given by 
Peters in his Dise. on Rennet, Roetock, 1894. 

«Selmi, /. PJutrm. ei Chim. [3], ix., 265, 1846. 

«Heintz, /./. pr. CÄ., N.S., vi, 374, 1872. 

*8oxhlet, J.f. pr. Ch,, N.S. . vi., 1. 

<^Hammar8t^, ahetrwct in Mcdy*e Jb., 1872, 118; ibid., 1874, 135; 1877, 
158. 

* A. Schmidt, Beiträge z. Kennln. d. Milch, Dorpat, 1871. ^ . 
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Occurrence of Bennet. — ^The chief place for the normal produc- 
tion of rennet is the mucous membrane of the stomach, which con- 
tains it either in the free state (as in the calf and sheep) or more 
frequently as an inactive zymogen, which is transformed by acids 
into the active form. Hammarsti^n found it as a zymogen in 
the stomachs of all the animals which he examined for it. 

It is also never wanting in sucklings (Sztdlawski *). 

According to a recently-published research by ^akg the 
rennet of man and of the pig differs so essentially from the 
ordinary rennet that he regards it as a special ferment and gives 
it the name of parachymosin (vide infra). Bennet is produced 
more abundantly in the fundus than in the pylorus ; probably 
the chief cells and the granules contained in them are the source 
of production of the rennet zymogen as well as of the pepsinogen 
(Grützner*). 

The free enzyme is produced very sparingly in the mucous 
lining of the stomach. In hunger it is, like the other ferments, 
present in greater abundance (Lorcher, loc, cit). It is absent 
in severe diseases of the stomach — e.g,, gastritis and carcinoma 
(Boas,' Johnson/ Johannesson'), but it is also found outside the 
stomach — e,g,, in the small intestine (Baginsei);' it was found 
in the urine by Holovtschiner ' inter alios, whilst other ob- 
servers did not find it there, and its occurrence was found by 
Boas ° to be very irregular. Edmunds* discovered rennet in 
the most diverse organs, and also in dried testicle. 

The pancreatic juice has also an influence on milk, though of 
another kind (vide Trypsin). 

Preparation of the Ferment. — ^To obtain rennet from the 
mucous membrane of the stomach, the latter is first treated for 
24 hours at the ordinary temperature with hydrochloric acid of 
strength 01 to 0*2 per cent, in order to transform the zymogen 
into the enzyme. After filtering and carefully purifying tius 
extract its coagulating power may then be tested. 

Instead of this method a glycerin extract (Hahh arst^n) or a 
saturated aqueous solution of salicylic acid is employed (E&LIK- 
XEYER^'' ), also a soltUion of common salt, &c 

^ Szydlawski, Prag. med. Woch., 1892, 365; c./., however, Schumbug» 
Virch. A., xcvu , 260, 1884. 

sQrütmer, Pßüg. A., xvi., 119. »Boas, C. med. Wise,, 1887, 417. 

* Johnson, Z. Jdm. Med., xiv., 240, 1888. 

^ Johannesson, Z. klin, Med., zvii., 204, 1890. 

«Baginski, Z/.phyaiol. Ch., vii., 209, 1882. 

^Holovtschiner, Virch. A., civ., 42, 1886. 

«Boas, Z. Hin. Med, xiv., 249, 1888. 

B Edmunds, Journal qf Physiol., xiz., 466, 1896. 
" Erlenmeyer, Sitzh. Munch. Acad, 1875, 82, ^ j 
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By precipitatioxi of these extracts with alcohol, an impare pre- 
cipitate is obtained, which is active when re-dissolved in water. 

LöRCHER^ employs a glycerin or, better, an add extract of the 
dried mucous membrane. The acid extracts are the more active, 
the glycerin extracts the more stable. To separate it from the 
pepsin HAHMARSTtN employed the following method : — 

The hydrochloric acid infusion of the stomach was neutralised 
by shaking it with magnesium carbonate, and the pepein then 
precipitated by the addition of a little lead acetate. The fil- 
trate, which no longer acted upon fibrin, was again treated with 
ammonia and lead acetate, the precipitate containing the rennet 
decomposed with very dilute sulphuric acid, and the ferment 
isolated from the filtrate by means of Cholesterin in the same way 
as in Brücke's method of separating pepsin. 

Properties of Beimet. — It gives none of the ordinary proteid 
reactions, except that of forming a precipitate with lead acetate. 
According to Mayer,^ however, it is precipitated by the salts of 
other heavy metals, though not always quantitatively. 

It does not diffuse through animal membranes, and only with 
difficulty through porous porcelain. 

It is destroyed — 

By akoJyol slowly, the rate increasing with the proportion of 
alcohol in the solution. 

By trypsin and ptUre/active hacteria (Baginsei ^). 

By hile and the sodium salt of choleic acid (Boas, loc, cU,). 

According to HAMMARSTtN, gastric juice destroys calvef^ rennet 
after a digestion of 24 to 48 hours, but, on the other hand, 
according to Thunberg, the rennet contained in commercial 
pepsin remains unchanged and active for several days if it is 
subsequently neutralised with calcium carbonate, and not with 
alkalies. Bang* asserts that another ferment, jt>arac/i^monn, is 
present here (vide infra). Its behaviour at high temperatures 
varies according to the reaction. 

Whilst it is stable in a neutral solution up to 70** 0., in dilute 
acid solution it is destroyed immediately at 63*" C, and in about 
40 hours at 40'' C, and particularly rapidly in distilled water 
(Camus and Glby*); by virtue of the last property solutions of 
pepsin can be freed from rennet, since pepsin is not affected in 
this way. It resists dry heat well, and is also more stable in 
glycerin (Lörcher, loc. cit., 175). On the other hand, it remains 

1 Lörcher, Pßüg. A., bdx., 141, 1898. 

> Mayer, Landw. Verauehest,, xxviL, 247, 1881. 

^BagiDBki, Z.f. pkynol. Chem., vii., 209, 1882. 

«Bang, Pßug. A., Izxix., 426, 1900. 

» Camna and Gley, C. Ä., cxxv., 266. ^ j 
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uninjured at 0*" 0., especially in solutions containing a large 
amount of lactic acid (0am us and Gley ^), but first becomes active 
at lO*" 0. and upwards. 

It is very sensitive to the action of alkalies and alkali 
carbonates ; it is destroyed even by a 0*025 per cent solution 
of sodium hydroxide and a 1 per cent, solution of sodium 
carbonate (Lanoley ^). Light, too, injures the ferment (Mayer). 

The Zymogen of Bennei — ^Tbe first assumption of a pro-lab 
was made by Hammabst^n.^ Grützner * established the exis- 
tence of this zymogen. 

It is secreted exclusively by the fundus glands, like pepsinogen^ 
and is first converted into the ferment by the acid of the stomach, 
or in the artificial extraction with acids. Almost all acids can 
be used for the purpose. The best are hydrochloric and sul- 
phuric acids, and the weakest acetic acid (Lörcheb^); in the 
stomach, in the absence of hydrochloric acid, lactic acid (Johan- 
NESSON Ö) and other organic acids (Boas 7) can also serve as a 
zymoplastic agent. It ofifers a greater resistance to the action 
both of alkalies and of heat than the ferment itself, as is also the 
case with pepsinogen (Boas,^ Klemperer ^), 

Calcium chloride, according to Boas, endows the pro-lab with 
the power of coagulating milk ; this, however, is contradicted by 

LöRCHER. 

The formation of the ferment from the zymogen is entirely 
dependent on the production of free acid, so that in the absence 
of the latter from the gastric juice the free ferment is invariably 
wanting, whilst the zymogen is present. 

Estimation of the Activity. — ^As a rule, the activity of the 
ferment, or the amount of active ferment present, is measured by 
the time which a given quantity requires to effect the coagula- 
tion of a given quantity of milk, since in the case of rennet the 
time occupied by the action is almost inversely proportional to 
the amount of ferment. 

Morgenroth,* instead, determines the smallest quantity of 
a definite solution of ferment, which coagulates the same 
quantity of milk under the same conditions. He keeps the 

^ Camus and Gley, Ö. R, czxv., 256. 

■ Langley, Joum. qfPhysioL, üi., 259, 1883. 

' Hammorst^n, Lehrbuch, d. phys, Ch., 1896, 154. 

* Grützmer, PfiHg. ^4., xvL, 118, 1878. 
« Lörcher, Pflug. A., Ixix., 183, 1898. 

* Johannesson, Z,f. Idin. Med,, ziv., 256, 1888. 
7 Boas, Z.f. Idin. Med., xiv., 266, 1888. 

" Klemperer, Z,f. Uin. Med., ziv., 282, 1888. 

* Morgenroth, C.f, Bakt,, xxvi., 349, 1899. 
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mixture of milk and ferment overnight at 0® to 8' 0. ; no coagu- 
lation results from this. He then heats it rapidly to 32^ C, and 
adds more of the ferment solution until coagulation occurs. In 
this way he was able to determine the requisite minimum and 
to take this as the unit 

Action of Bannet. — The externally recognisable action of the 
enzymes is that the milk is coagulated in the presence of calcium 
salts. In this process, according to Mayer {loc. cit) there is a 
positive manifestation of heat. 

The casein of the milk is, in HAHMARSTiiN's opinion, decom- 
posed into two other proteids, an albunwse free from phosphorus 
left in the whey, and paracasein ^ containing phosphorus, which 
represents the cheese. Hammarst^n obtained the same decom- 
position by heating a solution of casein in a tube to 130" 0. 
The albumose was more closely examined by Koster.^ Peters 
asserts that rennet also coagulates other albuminous substances 
— 6.^., alkali albuminate from egg-albumin — but this is denied 
inter alios by Edmunds,' who observed no coagulation, but only a 
partial precipitation produced by the calcium salts. Casein and 
paracasein differ from one another in the following particu- 
lars : — Casein is precipitated unaltered from the milk by common 
«alt, magnesium sulphate, d^c, and also by dilute acids, and can 
be dissolved again. As soon as it has been precipitated by 
rennet, however, it changes its properties. It becomes insoluble 
in water; paracasein is precipitated from its solution in lime 
water by phosphoric acid, while casein is not. It dissolves 
without alteration in a solution of ammonium oxalate 
^Edmunds'). Hammabst^n purified paracasein by dissolving 
it in very dilute ammonium hydroxide and precipitating it with 
acetic acid. Its properties vary slightly according to the method 
of preparation. But above all, this solution oi paracasein cannot 
be re-precipitated by rennet. 

This statement has been controverted by Peters (loc. cit,), 
who asserted that a solution of paracasein in very weak lime 
water could invariably be made to coagulate again at will. 

Hammarst^n* refuted this assertion in a very careful re- 
search, and attributed it to the fact that Peters had worked with 
an extract of rennet containing a large proportion of salts, so that 
the paracasein was precipitated by the sodium chlorido, but not 

^ This is ffammaret^'s terminolo^, which it is best to follow. Others 
— e.^., Peters {UrUerwch, ub. doe. Lab, Diss. Rostock, 1894)— term Ham- 
marst^n's casein caseinogen and his paracasein casein. 

^Roster, Maly^sJb,, xi.. 14, 1881. 

»Edmunds, Joum. of Physiol., xiv.. 466, 18Ö6. 

«Hammarst^ Z.physiol. Ch., xxii., 130, 1896-7. 

Digitized by VjOOQ IC 



142 FERMENTS AND THEIR ACTIONS. 

coagulated by the rennet. Soluble calcium salts also form a 
compound with paracasein which is less soluble on heating than 
in the cold (Ringer ^). The behaviour of calcium-paracasein solu* 
tion towards common salt is thus also a characteristic which dis- 
tinguishes it from casein, since the latter is not thus precipitated 
by dilute sodium chloride solutions. On heating the solution 
there is frequently a deposition of some paracasein, which 
appears to be changed by heat. 

In the coagulation of milk the deposition of the paracasein is 
only a secondary phenomenon.' 

Thus, when a solution of casein in chalk water is prepared, 
oare being taken to avoid an excess of chalk (trituration of 
the casein in water with pure calcium carbonate)' an approxi- 
mately neutral solution of calcium casein is obtained. This is 
not coagulated by pure rennet. As soon, however, as a soluble 
ealeium salt is added, coagulation occurs ; the paracasein Ahe&dj 
formed, but still in solution, is deposited. The same result is 
obtained with sodium chloride iree from calcium (Hammas8t6n), 
though only in greater degrees of concentration, and frequently 
first at the temperature of the body and upwards. The action 
of soluble calcium salts is thus not necessary for the formation 
o£ paracasein, but they or other salts are required only for the 
precipitation of the paracasein already formed, and they must 
thus recede from the important position assigned to them in the 
rennet coagulation since the investigations of Söldner.^ He 
laid stress upon the importance of the soluble salts, but attri- 
buted no significance to the calcium phospJuxte retained in solu- 
tion by the casein, in opposition to Hammarst^n's earlier views, 
in which only the calcium phosphate was regarded as active. 

Abthus and Pag^s ' regard cheese as a calcium compound of caaeogen^ 
which, in its turn, is a decomposition-product of casein. 

Although Hammarst^n was unable to bring about a completely typical 
coagulation in solutions of pure paracasein by means of soaium chloride, 
hut only a precipitation, yet he succeeded in aoing this with dialysed mUk 
in the absence of precipitahle soluble calcium salts. 

According to Arthus ^ and Pbtebs,' calcium salts can also be replaced 

^Ringer, Jowm, of Physiol, ^ zi., 464. 

^Gf. Arthus and Pagfes, Arch, d, Phys. [6], ü., 330, 540, 1890. 

'Hammarst^n at first prepared this *' artificial mük " by dissolving the 
casein and neutralising the solution with phosphoric acid. This solution 
was capable of coagulation, in which phenomenon H. assigned an impor- 
tant part to the oadcium phosphate. Luudbebo {Malifs Jh,, 1876, 11) 
showed that an addition of oxalic add to the casein solution prevented the 
coagulation, as also did sulphuric acid in baryta solutions of casein. 

* Söldner, Landw. Versuchest., xxxv., 357. 

• Arthus and Pag^, loc, di.y 640. " Peters, loc. cit., 26. 



Digitized by 



Googk 



RENNET (CHTMOSIN). 143 

bv barium or Btrontitim salts. Euglino ^ ascribes to casein the structure 
ox a trioalcium casein phosphate, and assumes that this is decomposed by 
reonet into a soluble calcium phosphate compound. This view nas been 
opposed by Söldner in the research referred to above, in which he denies 
the existence of such a compound of casein with calcium phosphate. Db 
Jacob ^ is inclined to attribute to the soluble calcium salts the important 
fonction of converting other compounds of casein (e.(7., sodium casem) into 
the calcium salt which readily coagulates. Cottbast * concludes that only 
one of the casein calcium phosphate salts (viz., the dicalcium casein phos- 
phate which is acid to Phenolphthalein and alkaline to lacmoid) is co- 
agnlable, and that neutral calcium tri-phosphate, which is formed in the 
TOesence of soluble calcium salts and phosphoric acid, must aJso be present. 
He attributes the inferior coagulating power of human milk to its greater 
alkalinity. This is supporteid by the observations of Raudnffz^ and 
SzYDLAWSKi,* that it too gives a typical coagulation after being rendered 
slightly acid. 

Activity of the Ferment. — Hammarst&n found that rennet, 
the product being regarded as a pure ferment, was able to trans- 
form from 400,000 to 800,000 times its quantity of casein. 

According to Mayer,^ the time occupied by the action of 
rennet is inversely proportional to the quantity. Peters (loc, 
cii.) confirmed this, but found that when a sufficient quantity of 
ferment was present, any further addition had no accelerating 
influence, which, indeed, is also the case with other ferments. 

Benjamin 7 confirmed the fact that the coagulation takes 
place most rapidly in faintly acid solution, more slowly in 
neutral solution, and worst of all in alkaline solution. 

The rapidity of coagulation, according to his observations, is 
further reduced : by the milk being shaken with chloroform, on 
increasing dilution, and on dilution with chloroform water. 

Contrary to the experience of Eugling ^ and Schäffer,^ he 
was able to cause boiled milk to coagulate without further 
treatment ; Lörcher,^® on the other hand, asserts that it coagu- 
lates more slowly. 

Sterilised milk is not coagulated by rennet. According to 
Pbters {loe, eit.)f the ferment is most active at the temperature of 
the hodyy and the same is asserted by Mater,^* who found that 

^ Eugiing, Landw, Versuchaat.^ xxxi., 391, 1885. 

« De Jager, Medina Jb,, 1897, 276. 

' Courant, Reaction der Ktth- und Frauenmilch, Diss. Breslau, 1891. 

^ Raudnitz, Frag. med. Woch., 1887, 24. 

• Szydlawski, Frag. med. Woch., 1892, 365. 

• A. Mayer, Landw. Versuchest. ^ xxvii., 247, 1882. 
7 Benjamin, Virch. A.y cxlv., 30, 1896. 

• Eugling, Landw. Verauchest., xxxi., 391, 1885. 

• Schftffer, Maly*aJb., 1887, 158. 

^» Lörcher, Fflug, A., Ixix., 141, 1898. 

" A. Mayer, Landw. Verauehaal., xxvii., 247, 1882. 
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its activity was only one-third as great at 25* 0., and that its 
action ceased at as low as 45*" C. Boas ^ found the optimum to 
be 35° to 40' 0. ; according to LörcJier it is active from 10® to 
60* C, and at a lower temperature in the case of the frog. 

Of salts, ammonium sulphate notably showed a restrictive 
influence, but other salts, too^-carbonates, sulphates, and 
nitrates — acted injuriously. Sodium chloride up to 0*9 per cent, 
has a beneficial influence, and above that a restrictive one 
{Mater, loc, dt). Sodium fluoride and calcium oxalate prevent 
the action. Magnesium salts, as also those of zinc, aluminium, 
and cadmium have a stimulating eflect (Lörchrr^), as has also, 
in a special degree, calcium chloride (BiNaER,^ Boas [loc. ct^.]). 
The influence of acids has been investigated by Pfleiderer.^ 
He found that hydrochloric acid had the most accelerating 
influence, and then nitric acid, lactic acid, acetic acid, sulphuric 
acid, and phosphoric acid. Boric acid is without influence 
{Mater *). 

Blood serum has a restrictive influence on its action (Roden,* 
Briot 7). 

Peptones retard its activity, e»pecially when dissolved in an 
8 per cent, solution of sodium chloride (Glet,^ Edmunds,^ 
Locke ^°). 

Potassium sulphocyanide has a prejudicial influence (We6b- 
lewski "). 

According to Benjamin, chloroform in small amount has at 
first a beneficial action, but afterwards, and in larger quantities, 
it has a restrictive influence. 

Freudenreich ^* investigated the influence of various anti< 
septic agents on rennet. He found that its activity was greatly 
injured by thymol and by formaldehyde vapour; but that 
chloroform and formalin, in 0-5 to 1 per cent, solution, have 
little influence. AlkcUoida have a favouring influence (Peters^. 

The subcutaneous introduction of rennet in small quantities 
produces an immunity against the ferment, which points to the 

1 Boas, Z, f. Hin. Med,, xiv., 249, 1888. Qf. Johnaon, Z. klin. Med.. 
Jdv., 243, 1888. 

' Lörcher, loc, cit, » Ringer, J, of Physiol., xi., 464. 

• Pfleiderer, Pflüg, A.^ Ixvi., 605, 1897. ' Mayer, Enzymologie, 49. 
« Roden, Maly*8 Jb., xvii., 160, 1887. 

^ Briot, O. P., cxxviii., 1366, 1899. 

• Gley, a R, Soc, Biol., xlvüi., 591, 1896. 

• Bdmunds, Joum. ^Phynol., xix., 466, 1896. 

^ Locke, Joum. o/Exper. Medic,, ii., 493. Quoted from Loroher. 
» Wrdblewaki, Per. d. d, chem, Ges., xxvüi., 1719, 1895. 
J* Ftendonreich, C.f, BaH. (IL) iv., 309, 1898. 
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conclusion that an anti-rennet is present in the milk and serum 
of the immunised animals, and the addition of this to milk 
prevents its coagulation. Morgenboth/ to whom we owe this 
interesting discovery, has made a quantitative examination of 
the rennet immune serum, and has found that the proportion 
of anti-toxine varies greatly in the diiSerent sera. The 
strongest immune serum obtained by him prevented coagula- 
tion when added to milk in the proportion of 2 per cent., the 
amount of ferment added being 1 : 20,000, whilst coagulation 
occurred when the amount of ferment was as 1 : 15,000. In 
the absence of anti-rennet, the coagulation took place after 
the addition of 1 : 3,000,000. Thus, in this case, after the 
addition of anti-rennet, WO times more ferment was required to 
effect the coagulation. We have discussed the theoretical 
significance of this discovery in the general part. Anti-rennet 
is very unstable. Morgenroth also attributes the above-men- 
tioned restrictive influence of different blood sera, notably of that 
of horses' blood, on coagulation^ to the normal presence of the 
anti-body. 

Parachymosin. — As we have briefly pointed out above, it 
appears from the discoveries of Banq ^ as though there were 
two milk-coagulating ferments in the animal kingdom. Thus 
Bang found the rennet of man and of the pig to differ greatly 
from that of other animals, and particularly from the ordinary 
ferment of the stomach of the calf. 

Thunbebo, by the way, had previously discovered that the 
rennet contained in commercial pepsin (from the stomachs of 
pigs) no longer coagulated milk after being digested for several 
days in dilute acid solution and then neutralised with alkali, 
though it did so when neutralised with calcium carbonate. 
Bang now found that calves' rennet behaved in a completely 
similar manner with either alkalising agent. From this he 
concluded that pepsin rennet was differently constituted to 
calves' rennet, and found this confirmed on further investi- 
gation. The ordinary chymosin differs from the new paror 
chymosin in the following particulars : — 

Parachymosin does not follow the law applying to rennet that 
the time of reaction is inversely proportional to the amount ^f 
ferment, but its activity decreases very much more rapidly as the 
degree of dilution increases, and becomes absolutely nil in very 
dilate solutions. 

1 Morgenroth, C./. Bakt., xxvi., 349, 1890. 
« Bong, PfiOg, A., Ixxix., 426, 1900. 
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Calcium chloride has a much more pronounced accelerating 
influence upon parachymosin than on chymosin. 

Parachymosin offers greater resistance to heat^ and under 
certain conditions still remains active for some time at 

On the other hand, it is more sensitive than chymonn to the 
action of alkalies. 

In mixtures of the ferments either the chymoain may be 
destroyed by heating, or the parachymosin by means of aJlcali ; 
this fact, in particular, led Bang to the conclusion that there 
ivere ttoo fermerUa. 

Vegetable Bennet — The property possessed by the juice of 
certain plants of causing milk to coagulate was known as eitrly 
as the sixteenth century, notably in the case of Galium verum^ 
which, according to Green,^ is still in use at the present day 
for the coagulation of milk. There are also Pinguicula vulgaris^ 
which, according to Ltnn^,^ is used for this purpose in Lapland, 
and, according to Pfeiffer, in the Italian Alps, Drosera (DAB¥mi'), 
Carica papaya (Martin *), &c. 

Baginski^ discovered tiie ferment in artichokes, Carica papaya, 
and other plants. 

It has been more closely investigated by Lea,^ who isolated it 
by means of glycerin or sodium chloride solution from the seeds 
of Withania coagrilans, a member of the SolanacecB which grows 
wild in Afghanistan and India. It possesses similar properties 
to animal rennet. It is of practical interest in that the Hindoos 
use no rennet of animal origin on religious grounds. 

Green ^ discovered it with others in the germinating seeds of 
Sidntuf communis, where it is present as a zymogen, which is 
rendered active by means of dilute acids. It is combined wiUi 
^e trypsin. 

It acts both in acid and alkaline solution. 

The fruit of the "Naras" plant (Acanikosicyos horrida) of 
South Africa also contains a rennet, which is said to be soluble 
even in 60 per cent, alcohol (Marloth ^) ; this is also the case 
with Ohittenden's hromdin^ 

1 Green, AnnalB of Botany, vii., 112. 

* Qaoted by Green, loc, cU. 

* Darwin, Insectivorous Plants, 2nd Edition, 1875, 114. 

* Martin, «/bum. qf Physiol,, vL, 340. 

, > Bagmski. Z. phyaiol. Ch,, vii, 209, 1882. 
« Lea, Proc. Roy. 8oc., xxxvi., 65, Nov. 1883. 
f Green, Proc, Roy, Soc, xlviii., 391, 1890. 

* Marloth, quoted from Green's abstract in Nature, 1888, 275w 

* Chittenden, Journal qf Physiol,, zv., 249. 
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Peters^ also found rennet in numerous plants — ^figs, arti- 
chokes, wild madder, thistles, and also in papaya juioe. 
RosBTTi^ studied the milk-coagulating ferment of artichokes, 
and proposed for it the very indefinite name of cynarase. 

Finally, it has been found in bacterial enzymes ^ — 0.^., those of 
BacUliM amylobaeter (Fitz and Hueppb *), Bacilltu meseräerietu 
wdgcUus (YiGNAL^), Badlltis prodigiosus (not destroyed until 
after one hour's heating at lOO"" G. H]) (Gorini ^), and in cholera 
vibrios (FokkbrT). Conn' has isolated a typical rennet from 
various bacteria, and Kalischer* has prepared it from the 
bacteria which occur in milk. 

Pectase is an enzyme which eiSects the coagulation of vegetable 
substances containing pectin. 

It was first observed by Främt,^® who found a soluble form of 
the ferment in carrots and other roots, and an insoluble form in 
add fruits. The fermentation proceeds without the admission 
of air and without an evolution of gas, the most favourable 
temperature being 30** C. Bertrand and Mall^vrb^ then 
investigated it more closely. They found that a coagulation of 
the calcium salt of pectio acid occurred when the plant juices 
were allowed to stand. Boiling, or precipitation of the calcium 
prevented the coagulation, which, however, could also be induced 
by means of barium or strontium salts. The solution had to be 
neutral, since acids rapidly injured the ferment. 

They found it to be widely distributed in many plants, and 
also in cryptogams. On the other hand, they were unable to 
discover Frömy's insoluble pectase in acid fruits. 

The Fibrin Ferment. — This appears to be the proper place to 
allude to that hypothetical ferment, which according to a wide- 
spread view, plays an important part in the process of the coagu- 
lation of the blood. It is regarded as a eoagulcUing ferment, like 
rennet. It has been assumed that by means of its enzymic 
activity one of the native proteids of the blood, fibrinogen, is 
decomposed, in an analogous manner to casein, into fibrin and a 

^ Peters, UrUera, Ob. das Lab, Diss. Rostock, 1894, 45. 

« Rosetti, Chem. CefUralbl,, 1899, i., 131. 

» Daclauz, Cfomptes JUndus, xci. Hneppe, D, med. Wach,, 1884, 777. 

4 Fitz and Hueppe, quoted by de Bary, vorUag. uÖ, Ba>cter., 1885. 

* Vignal, quotea from Green, Ann, of Bot. , vii., 120. 

* Gorini, Byg, Rdech., 1893, 381. 

' Fokker, D. med. Wach., 1151, 1892. 

* Conn, a /. Bakt., xii., 223. 

* Kaliacher, ArcKf. Hyg., zzxvii., 30 ; Chem. CenJtr., 1900, i., 177. 
^ Fr^my, Joum. d. Pharm,, zzvi., 392. 

^* Bertrand and Mallövre, Comptes Bendua, cziz., 1012; ozz., 110; ozzi., 
726. 
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globrdin. Moreover, the calcium salts are said to have great 
ugnificance for the process. I have refrained from dealing more 
fully with this ferment here for two different reasons. In the 
first place, it is not certain that a " ferment " in our sense co- 
operates here ; according to the views of many investigators the 
decompositions which here occur appear to be of a synthetic 
rather than of a fermentative character. And, indeed, the 
originator of the fibrin ferment, A. Schmidt, could not have in- 
tended to indicate a ferment in our sense in the active principle 
which brought about the combination of fibrinoplastic and 
fibrinogenous substances ; for a combination of two substances 
can never be effected by a ferment. But, above all, it would not 
have been possible to give a full descriptioa of the fibrin ferment 
here without following up in all its ramifications the whole sub- 
ject of the coagulation oftJis bloody which is so extremely compli- 
cated and, in spite of vigorous efforts, still so obscure, since 
only in this environment should we have been able to study more 
closely the nature and conditions of activity of the hypothetical 
ferment. And for this the present book did not appear suitable. 
Besides, the " fibrin ferment " is not sufficiently characterised as 
such for the whole subject of the coagulation of the blood to be 
discussed as an essentially fermeTUative process in a work on 
ferments. 
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CHAPTER XIV. 

THE SACCHARIFYING FERMENTS. 

Under this heading we can group together a numher of enzjmesy 
the activity of which is exercised upon the carbohydrates. They 
possess the power of transforming more complex substances of 
this group into simpler compounds. 

Thus, from starch, maltose and dextrin are produced by 
means of diastase; from maltose, glucose by maUase; from cane 
sugar, glucose and fructose by the action of invertase, &c. This 
specific character, however, must be understood cum grano salis^ 
since the ferments are also capable of decomposing certain other 
substances of a similar character. Their activity is directed 
towards single substances or small groups of closely-related sub- 
stances. 

The final products of the action of these different enzymes are 
invariably simple aldoses or ketoses, glucose being usually one of 
the decomposition products. 

The process itself must be regarded as a simple hydrolytio 
decomposition^ analogous to that effected by dilute acids. 

The saccharifying ferments are very widely distributed 
throughout the animal and vegetable kingdoms, and play a very 
important part in the economy of the organisms, since from the 
complex non-assimilable carbohydrates they prepare the simple 
sugars, which the organism can then utilise for its vital require- 
ments. Thus they fulfil the same function for the carbohydrates 
as the proteolytic ferments for the proteids. Although certain 
authorities uphold the view, especially as regards the decomposi- 
tion of starch, that it is, partially at least, to be attributed to a 
direct activity of the cell, yet they also cannot deny the im- 
portance of the sugar-producing enzymes in the nourishment of 
the organism. 

Nomenclature. — As no general agreement has as yet been 
attained with regard to the names applied to this group of fer- 
ments, we must, in the first place, come to an understanding as 
to the nomenclature to be used here« 
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In general, authorities now adhere firmly to the principle of 
describing these ferments by forming their name with the 
suffix " ase " from the name of the sitbstanee upon which ihey 
exercise their special hydrolytic action. 

In accordance with this rule the starch-decomposing ferments 
must therefore be described as amylase. The historical name 
dicutase has, however, become so firmly established that it 
cannot now be put aside. 

We shall, therefore, retain the term diastase as the collective 
name for the starehniecomposing enzymes. 

Bbtbrinck ^ suggests the application of the term amylase as 
the collective name for all the ferments which take part in the 
conversion of starch into its final products. To this proposition 
I must object on two grounds. In the first place, we have here 
to deal not with a single ferment, or not even with a group of 
ferments acting in a uniform manner, which could be described 
by the name "amylase," but at best could only say '^amylases;" 
but above all the natural classification is not to group together 
the ferments which decompose starchy but those which produce 
sugars from polysaccharides ; inulinase, cytase, &c., come strictly 
under this heading. I have for this reason described them as 
saccharifying ferments^ the only objection to be made to this 
being that the ferments which decompose glucosides also produce 
sugar; yet the latter group, again, is such a natural unit that 
they may well be dififerentiated as a separate class from the 
saccharifying ferments in the narrower sense. The saccharifying 
ferments therefore include, in addition to the enzymes which 
decompose starch, those which convert the other polysaccharides 
into simpler sugars. In accordance with the above-mentioned 
principle invlinase^ pectinase, caruMnasCy lactase, trehalase, meli- 
ftuwe, and maltose are correctly designated. On the other hand, 
the ferment which decomposes cellulose is not in an analogous 
manner termed ceUulasef but cytase or cytohydrolytie ferment. 
In the case of the enzyme of cane sugars also, the historic name 
inverting in its modern form of invertcue, has become so naturalised 
that neither the name sucrase, frequently used for it by the 
French, nor that of sctccharasSf which would be the best in 
accordance with the principle, can be successfully substituted 
for it. 

There is false construction, too, in the name seminase as 
applied to the enzyme which decomposes the horn aibwmn 
{mannan and galactan) of certain seeds, since seminase can be 
used with as much right for all the other enzymes of seeds. 

^Beyerinok, O. /. Bait, (IL), i., 221, 1896. 
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A particularly hopeless confusion has been produced in the 
matter of the connotation of maUaaey by the fact that Wijsman 
and Beyerinck understand by maltase an enzyme which decom- 
poses starch into erythrodeztrin and maltose. In addition to 
this, another starch-decomposing enzyme is said to exist, which 
produces achroodextrin (according to Beyerinck, in addition to 
maltose) from starch. Wijsman has designated this dextrinoBe^ 
and Beyerinck grantdcue. Dextririase is obviously false, since it 
does not decompose dextrin but produces it, and gramUaae is an 
absolutely colourless word. Granting that the assumption of 
two enzymes instead of diastase is correct, it would have been 
most fitting to describe them both as mnylase to signify their 
common substratum — starch ; and to differentiate them by the 
pregnant titles of erythroamylaae and achrooamylase. The or- 
dinary maltase is described by many as glucase^ an entirely 
incorrect terminology, since it does not decompose glucose but 
produces it; and this property, even apart from the above- 
mentioned principle, cannot be chosen as the basis of nomen- 
clature, since glticose is produced by nearly all saccharifying 
enzymes. 

Petermination of the Activity.— In estimating the activity of 
saccharifying ferments, three methods are, in the main, employed. 

The^r«^ is naturally the chemical examination of theyerm^n^ 
mixture after the completion of the reaction, in which an attempt 
is made to identify the resulting products as such or in the form 
of characteristic compounds, especially hydrazones and osazones ; 
or in which conclusions as to the nature and amount of the 
sugars are drawn from determinations of the reducing power and 
optical rotation. A still more simple, though less exact, method 
of the same character is the use of distinctive colour reactions 
— e.g.j the iodine test, the disappearance of starchy or Moore's 
test, the production of sugars. 

Although this exact chemical investigation is theoretically 
the ideal one, yet in practice it is beset with great difficulties, 
because the separation of the different carbohydrates from one 
another is very tedious and unreliable ; and so we see many 
important questions in this domain still remaining unsolved, 
as, for example, the existence of isoTnaUose, although we have 
acquired in the osazone test a direct means of solving certain 
previously obscure problems^-«.^., the existence of maUase. 

Hence, methods have been sought which would detect indi- 
vidual items in the course of the reaction, independently of a 
complete analysis, particularly the production of a distinctive 
carbohydrate ' characteristic of the activity of a given enzyme. 
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To thiB class belongs specially Betebinck's' auocanographio 
meihocL Bejerinck detects the existence of — e.g.y glucose, by 
inoculating the mixture under examination with mould-fungi, 
which only grow upon glucose (and on fructose^ which, in this 
experiment, need not be taken into account). If they grow, 
glucose is present; but, if the culture remains sterile, it is 
absent. In this way it is possible, for example, to detect 
glucose in the presence of maltose by means of Saccharomyces 
txpicuIatuSf which cannot attack maltose. 

The third method has been employed, notably by Wusii ak, to 
demonstrate his two starch-decomposing enzymes, and is based 
upon diffusion. Gelatin plates are impregnated with the sub- 
stratum to be fermented (starch), and a few drops of the solution 
of the ferment placed upon one spot of a plate. The ferment 
then slowly diffuses into the starch-gelatin, where it completes 
its action. If, now, a colour reaction be used in which the 
original substance is coloured differently from the decomposition 
products, there is formed, round the point where the ferment 
was applied, a zone which is of a different colour to the 
remainder of the gelatin mass — e.^., in the iodine test for starch 
it is colourless against the blue of the starch. If different 
ferments attacking the same substratum are present, and diffuse 
at a different rate, differential colorations of the various zones 
are also produced (see WijsmarCs *^maUase"). 

DIASTASE. 

Under the name of diastase^ amylase^ or amylolytic fermerUy 
is understood an enzyme, or rather several enzymes, of similar 
activity, which possess the power of producing maltose and 
dextrins from starch by means of a hydrolytic process. 

Diastase is found in numerous organs and secretions of plants 
and animals ; above all, in malt, in cryptogams, in saliva, in the 
pancreas, and in the Hver. Malt diastase has been known for the 
longest time, and has been the most thoroughly investigated. 

The scientific discovery of diastase was made in the year 1833 
by Paten and Persoz,^ who gave it its name ; the conversion 
of starch into sugar had already been observed by Irvine ' and 
by KiBCHHOFF,* and almost simultaneously Saüssüeb^ had 

»Beyerinck, C.f. Bakt. (IL), i., 221, 1895. 
' Pa^en and Persoz, Ann, d. Ch. et Phys,, liii., 78. 
* Irvine, quoted bjr Payen and Persoz, loc. dt. 
^ Kirchhoff, Schweigg. Joum., xiv., 389, 1815. 

" Saussore, PoggendorJjTe Ann,, xzziL, 194, 1834. For the history of 
diastase, see Dubninfaut, Z, ge», Brauw., ISSO, 99. 
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Studied the starch-dissolving substance and regarded it as in 
combination with the mucin of the paste. The most important 
facts had already been discovered by Dubrükfaut.^ Payen and 
Persoz endeavoured to obtain a purer substance by precipitation 
with alcohol. Similar attempts were made by Dubrunfaut,^ 
Baranetzki,^ and Düqüesnel.* To obtain serviceable prepara- 
tions of diastase, other methods of isolating enzymes were tried 
by Oohnheim ^ /who made use of Brücke's method of preparing 
pepsin, q.v,)y and by Zülowsky,^ who shook the aqueous extract 
with ether, thereby obtaining a "gelatinous mass resembling^ 
frog-spawn," which he precipitated with ether, and subsequently 
employed glycerin extracts,^ which were precipitated with 
alcohol. Of the older methods, the best is that of Lintner.^ 
He extracted for a longer time with 20 per cent, alcohol, pre- 
cipitated directly or fractionated with absolute alcohol, and 
triturated the preparation with absolute alcohol and ether. The 
preparations were then repeatedly dissolved in water and re- 
precipitated. He invariably obtained preparations containing a 
large proportion of ash (about 10 per cent.), part of which could 
afterwards be eliminated by dialysis. About 5 per cent, of 
neutral (normal) calcium phosphate, however, was invariably 
left behind. Glycerin extracts yielded solutions of the ferments 
of only very slight activity. Osbornb and Campbell® have 
obtained preparations of diastase by *' salting out" with am- 
monium sulphate, and Wröblewski," by extraction with weak 
alcohol and precipitation with stronger alcohol, separated 
preparations which, in order to obtain purer substances, h& 
submitted to further processes of purification (vide infra). 

Gbijss ^^ obtained diastatically-active glycerin solutions by leaving very 
thin sections of the germinating seeds of plants for a long period in 
glycerin, when the diastase slowly diffused into the glycerin, bemg fairly 

^ Dubrunfaut, '*Mem. sur la Sacharification,'' Soc, d*AgrictUt., Parity 
1823. 

' Dubrunfaut, JXngler'a polj/t, Joum., oIzzxvlL, 491, 1868. 

' Baranetzki, Die atärkeumbildeTiden Fermente in d. Pflanzen, Leipzig,. 
1878, 10. 

* Duquesnel, Bull, d. Thirap., Ixxxvii., 20. 
» Cohnheim, Virch. A., 1S63, xxviii., 241. 

«Zulowskyand König, Wiener Acad. Sitzb,, Math, Nat. CI. (II.), Izxi., 
453. 
7 Zulowsky, ibid, (II.), Ixxvii., 647. 

• Lintner, J. pr. Ch., N.S., xxxiv., 378 ; xxxvi., 481, 1886-7. 

' Osborne and Campbell, Joum, Amer. Chem. Soc,, xviii. Ber. d. d. 
chem, Ges., xxix. (4), 1159, 1896. 
*• Wröblewski, Z, phyeiol. Ch., xxiv., 173. 
" Griiss, Jahrbuch. J. wissenech. Botanik, zzvi., 379. 
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free from tanninB and maltose. Betohlkb^ prepared an "artifiouJ 
diastase " by heating wheat-paste with dilute acids to 30" to 40° C. In this 
<!ase, we are doubtless dealing with a production of activity in the zymogen 
through the action of the dilute adds. 

Properties of Diastase. — Very divergent riews are held as to 
the nature of the enzyme. 

Whilst many inyestigators (e.g., LoBW,^ Brown and Hebon,^ 
ScHWABZBB,^ and Osbobnb ^) regard diastase as a proteid, and 
some (e.^., Muldbb [loe. cit]^ Babanetzki [loc. cU., 54], Sebgbn 
and KRATSCHMEBy^ &zio,^ who obtained reducing sugars from 
glycogen through the action of " proteids," and others) attribute 
diastatic capacity to the proteids in general, £arth,^ Lintneb,^ 
and HÜFNEB^^ consider that it differs essentially from proteid 
substances, although consisting of oxidation-products of the 
latter. Landwehu and his pupil Hirschfbld" claim that 
diastase is an animal gum or a similar substance. Doubtless 
they have had in their hands mainly the polysaccharides which 
accompany diastase. Wröblewski,^^ in a comprehensive re- 
search, criticised the «arlier investigations, and now believes 
that he has established beyond doubt that diastase is a proteid 
dosely allied to the cUbumosea, The first preparation which he 
obtained still consisted of a mixture of proteid with substances 
of a dextrinous nature, which he succeeded in separating by 
means of potassium mercuric iodide (loo. cit, 198). The carbo- 
hydrate in the mixture proved to be a pentosan, which, since it 
yielded arabinoee on treatment with dilute sulphuric acid, must 
be regarded as an arahan. In a more recent research he has 
obtained a still purer diastase by fractional " salting out " with 
ammonium sulphate." 

This preparation possessed extraordinary activity, gave most 
of the proteid reactions (nitric acid, Millon's, biuret, and xantho- 
proteic reactions), and contained 16*53 per cent, of nitrogen. 
It was precipitated by tannin, as had already been observed 

* Beychler, Ber. d. d. chem. Oea., xxii., 414, 1889. 

* Loew, Pfliig. A,, xxvii., 203. 

* Brown and Heron, Liebig*8 Ann,, cxcix., 249. 

* Schwarzer, /. ^. CÄ. [21 i., 212, 1870. 
' Osborne, loc, eit, 

* Seesen and Kratschmer, PfiHg, A., üv., 593. 
7 Bizio, Comptes Sendus, Ixv., 175. 

" Barth, ßer. d, d, chem. Oes,, xi, 474. 

> Lintner, loc» cit. 
w Hufner, /. pr, Ch. [2], v., 372. 
^ Hirschfeld, Pflüg. A,, xxxix., 499. 
" WrtSblewaki, Z. phynol. Ch., xxiv., 73. 
u Wrdblewski, Ber. d. d. chan. Ota., »xi., 1130, 1898. 
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by DuBBUNFAUT.^ The still not completely pure preparation 
yielded on decomposition with stannous chloride leucine and 
tyrosine^ and probably also arginine. 

It is yery slightly diffusible (Kbabbe ^), but does not diffuse 
through the living protoplasm of young germinating seeds of 
plants (Grüss'). 

Analyses of diastase have been published by Donath,^ Zulkowski,^ and 
others, but they do not agree, and owing to tne undoubted impurity of the 
preparations are without value. 

It is naturally destroyed by acids and alkalies, even in a 
relatively slight degree of concentration. 

It is destroyed by pepsin, but not by trypsin (Wböblewski ^). 

In the dry state it can be heated to about 150*" C, but at 
158' C. it loses its activity (Hubppb^). 

On the other hand, in an aqueous solution it is, like all 
enzymes, undoubtedly destroyed at about 80" C, but the 
statements as to the temperatures differ greatly. It is certain 
that diastase, as is usual with ferments, is protected to a certain 
extent against the influence of high temperatures by the presence 
of its specific substratum, so that the decomposition-point is 
thus raised (Lintner^). 

Determination of the Diastatic Power.— Quantitative determi- 
nations of the quantities of maltose produced by diastase have 
been made, iTiier alios, by Musculus,® Payen,*® Schwabzbe,^^ 
0*SuLLiVAN," and Babanetzki." The last-named was also the 
first to show that the starch granules were also attacked by 
diastase, the greatest resistance being offered by potato starch 
(loe. ci/., 38). 

KÜBEL ** identified the sugar by the yellow coloration given 
with sodium hydroxide, and made a comparative estimation 
of its quantity colorimetrically, with the aid of a solution of 
potassium Chromate. 

1 Dubrunfaut^ Dingier' s pciyt, Jounu, cxxxvii., 491, 1868. 
« Krabbe. Jahrl.f, toissensch. Bot,, xxi., Ö20, 1890. 

* Grüss, tbid.^ xxvi., 379. 

* Donath, Ber, d, d ehem. Oea,, viii., 795. 
' Zulkowski, loc, cit.^ 654. 

* Wr6blewski, Z, physiol, Chem,, zziv., 173. 

' Hueppe, quoted by Fermi and Pemossi, Z, /. Hyg,, zviii., 83. 

* Llntner, J. pr. Ch., N.S., xxxvi., 481, 1887. 

* MusculoB, Ann. de Chim. et Phys. [3], Iz., 203. 
" Payen, ibid. [4], iv., 286 ; vu., 382. 

» Schwarzer, J.pr. Ch., N.S., i., 212, 1870. 
^ O'Sullivan, Jcnim. Chem. Soc., ii., 125, 1876. 
^ Baranetzki, loc cit., 27, et seq, 
^ Kubel, Pflüg. A., Izzvi., 276, 1898. 
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Gripps* determined the time occupied in the process of the 
diastatic action of malt extract, which was found to act with 
different degrees of energy on different kinds of starch. Detmrr^ 
tested the progress of the diastatic decomposition by the iodine 
reaction, which changed from blue, through violet, red, and 
yellow, to colourless. 

"Wröblewski* used for this purpose the so-called << soluble 
starch*' which he prepared by his own method. The resulting 
reducing carbohydrates were heated with Fehling's solution, and 
the amount of copper which separated estimated by Allihn's 
method. 

A suitable method of estimating the diastatic power of malt extract has 
also been described by Sykes and Mitchell.^ 

A method of diastasimetry based upon the disappearance of the iodine 
reaction has been proposed by Roberts.^ 

Lintner^ regards the iodine reactions as unsuitable for com- 
paring the diastatic capacity of different solutions of ferments. 

He has therefore worked out a method which takes as its 
basis the amount of sugar formed from equal quantities of 
starch. 

He allows different quantities of the solution of the ferment under ex- 
amination to act upon the same quantities of starch, and so determines the 
quantity of the solution of the ferment which produces so much sugar thac 
a definite amount of Fehling's solution is exactly reduced. Aa the unit of 
fermentative power (F = 100) he takes a diastase, of which 0*03 c.c. of a 
solution of 0*1 : 250 '0 — i.e., 0*12 mgrm. — produces Y^ithin an hour at the 
ordinary temperature from 10 c.c. of a 2 per cent, solution of soluble starch, 
prepared in a definite manner, so much sugar that 5 c.c. of Fehling's solution 
are exactly reduced. If, for example, he used 0*24 mgrm. of a preparation 
under the same conditions, this would have a fermentative power F = 50, 
&c. 

Conditions of the Action of Diastase. — With the aid of these 
methods attempts have been made to determine the influence of 
different agents on the diastatic action. Unfortunately, owing 
to the different methods of estimation and to other causes, no 
general agreement has been anived at on very many questions. 
Each new investigator in these cases has only helped to swell 
the immense literature without giving a definite solution of the 
question, since another has invariably come forward to oppose 

» Gripps, Ckem. CerUralbl., i., 324, 1890. 
« Detmer, Z. physiol. Ch., vii., 1, 1882. 
3 Wröblewski, JZ. physiol. Ch,, xxiv., 173. 
« Sykes and Mitchell, Analyst, xxi., ]22, 1896. 

^BiiUy described by Gamgee, PAyMo/. Ch. d. Verdauung, loc. cit,j 55. 
See also Maly*8 Jb. , xi., 356. 
• Lintner, /. pr. CK, N.S., xxxiv., 378, 1886. 
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his statements. Hence we shall only refer to the most important 
results. 

Moreover, the results obtained with malt diastase do not agree 
with those from saliva diastase. 

The behaviour towards changes of temperature is the normal 
one. Only one fact is remarkable about it — i.e., that at higher 
temperatures there is a larger yield of dextHns, whilst at lower 
temperatures (50' to 60* 0.) more sngar is produced. This fact 
has been urged in support of the existence of two enzymes. 

Whilst the older observers (Cohnhkim,^ Baranetzki,' 
Richet') state that diastase, particularly saliva diastase, is 
not alfected by hydrochloric acid up to a certain concentration^ 
Langley^ has shown beyond doubt that it is rendered inactive 
even by 015 per cent, of hydrochloric acid at 40' 0. On the 
other hand, still smaller quantities have a stimulating effect 
upon it3 activity (Chittenden and Griswold '). 

Of other acids carbonic acid has a pronounced stimulating 
action (Müller-Thürgau ') as has also citric acid (Detmer'). 
Salicylic acid is indifferent (Kkauch*), ((/., however, Kjbl- 
DAHL,* infra under saliva diastase). Hydrofluoric acid has a 
markedly injurious influence when in a concentrated solution 
(Efpront^®). According to Kjbldahl* organic acids (lactic, 
butyric, and acetic acids) in small quantities have a beneficial 
effect Boric acid is without influence (Leffmann and Beam ^^). 

Salts of the alkalies and alkaline earths were found by 
Lintner" to have no influence, contrary to the statements of 
Mater and others, who attempted to draw a distinction between 
the favourable action oi sodium chloride and the injurious effect 
oi potassium clUoride, Gans ^^ has observed a retardation in ike 
diastatic decomposition of glycogen through the presence of 
alkcUi carhoruUes. 

The statements as to the influence of the salts of heavy metala 
are also at variance. 

• Cohnheim, Virch, A., xxviiL, 241. 

' Baranetzki, loe. cit. in various places. 

• Richet, Joum. d. I* Anat. et Physiol. y xiv., 286. 

• Langley, Joum. of Fhyaiol., iii., 246 ; iv., 18. 

B Chittenden and Griswold, Amer. Ohem. /., iil, 205, 1882. 
•MüUer-Thurgau, ThieVa Landw. Jahrb., 1886, 796. 
'Detmer, Z.physiol. Ch., vii., 1, 1882. 
^Krauoh, Laridw. Vernidtsstat.f xxiii., 77. 
'Kieldahl, Z. ges. Brauto., 1880, 186. 
"Efcont, Bvü. Soc. Chim., [3], iv., 627, 1890. 
uLeffinami and Beam, Aiuüyat, ziii., 103, 18S8. 
"Lintner, J. pr. Ch., N.S., xxxvi., 841, 1887. 
"Gans, Verh. Congr.f inn. Med., 1896, 449. 
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LiKTKER {toe. cil) and Ejbldahl {loe. cU,) found them to have 
an extremely injurious influence, particularly the salts of lead» 
zinc, and iron, whilst Effbont^ found them in some cases to be 
very advantageous, notably aluminium aeetcUs and vanadium 
mU». According to Kjeldahl (Joe. cit.) borax, alum, and 
arsenic salts have a prejudicial action, and gypsum very slightly 
so. The influence of phosphates, proteids, picric acid, and 
asparagine is also very favourable, according to Effront, though 
in very different degrees. In like manner he found that an 
infusion of ungerminated »eeda had a favourable action, thus 
lending support to his view that the intensity of the action of 
diastase is considerably influenced by the presence of foreign 
substances, and that to this cause alone is to be attributed the 
varying degrees of activity in the diastases of diflerent origin. 

DETMBB^has proved that the action of atropine is injurious ; 
strychnine^ according to Kjeldahl (loc cit,\ is without influence. 
Other poisons have been tried by Chittenden • and his pupils 
in their comprehensive investigations, and have been found to 
vary greatly in their action ; but I cannot deal more fully with 
this here. 

Mobitz and Glekdinnino^ have made a very important 
observation from a theoretical point of view, and one which 
establishes for diastase a fact in agreement with Tamman's view 
as to the occurrence of an end-point at which the ferment 
becomes inactive in the case of emulsin (see p. 57). They found 
that malt diastase did not decompose the whole of the starch 
present, but eventually became inactive. On adding fresh 
starch, however, to this mixture the ferment continued its 
action with undiminished intensity, and even did so a third time 
when certain conditions were observed. These depended upon 
the quantity of malt extract and, above all, on the tempercUure. 
At higher temperatures (60*^ to 65* 0.) the decomposing power 
of the residual diastase was considerably less than it was the 
first time, which was attributed to a gradual decomposition of 
the ferment. This observation is therefore particularly in- 
teresting, because the same result was obtained by the fresh 
addition of the same substratum as Tamman (see p. 57) obtained 
with a similar substratum — f .e., salioin — in a mixture of emulsin 
and amygdalin. 

^Bffirant, Oomptes Rendus, oxv., 1324, 1892; cxz., 1281, 1805. See 
also Effiront-Bttcheler, Die DiaOaaen^ 1900, 126. 
»Betmer, Landw. Jahrb., x., 757, 1881. 
> Chittenden, Maly*s Jb., xv., 256 et seq., 1885. 
«Morits andGlend^nning, Joum. Chem. 8oc, bd., 689, 1892. 
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The closelj-conneoted question whether the activity of the 
diastase is interfered with by the accumulation of the decom* 
position-products has a special theoretical interest.^ 

Of course, the diastatic action becomes weaker with the 
advance of the hydrolysis, but in the opinion of many authori- 
ties this should not be attributed to the accumulation of decom- 
position-products. 

Wortmann ^ contends that, as a matter of fact, a suspension 
of the diastatic activity is physiologically necessary for the 
plant when a sufficient amount of sugar has been produced, and 
that we ought therefore, a priori^ to assume the converse of 
what has been experimentally established. Otherwise we must 
fall back upon the view of Baranetzki,' who concluded that the 
production of diastase was intermittent. This view is also in 
agreement with the statement, which stands in urgent need of 
oorroboration, that the living cell only produces enzymes when 
it requires their activity, to which we have already referred in 
the general part. Muller-Tburgau, however, denies that the 
decomposition-products have no influence. 

Muller-Thürqau ^ has made a fuller investigation of the 
influence of temperature upon the action of diastase. He finds 
that at lower temperatures (0* to 20* C.) the amounts decom- 
posed increase in proportion to the time, but that, at higher 
temperatures, the activity gradually decreasesy first on account of 
the increasing dilution of the substratum, but also on account of 
the disturbing influence of the accumulated decompontionr^oducta. 
The rate of increase at the higher temperatures is somewhat 
influenced by this. In comparing the results obtained from an 
action of short duration only, he found the increase in the 
activity from 0* 0. to 10°, 20', 30', and 40' C, to be in the ratio 
of the following numbers : — 

7 : 20 : 38 : 60 : 98. 

Carbonic acid has a pronounced accelerating influence upon 
diastatic action,^ as has also an increase in the pressure^ but 
carbonic acid, accompanied hy higher pressure, was found to be 
eflective in a higher degree than the sum of these factors, 
inducing the diastase to act energetically upon starch which 
had not been converted into paste. 

'Qf. Brown and Heron, Ann. d. Chem, u. Pharm. , ezcix., 247, 1880. 



' Wortmann, Z. physiol. Ch., vi., 324. 
' Baranetzki, loc cU., 62. 

MuUer-Thurgau, ThieTB Landw. Jahrbuch., 1885, 795. 
* Aooording to Betmer, Z, physiol^ Ch., vii., 1, 1882. 
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With regard to the action of sunlight, particularly on 
diastase f a full investigation has been made by Greek/ which is 
of great interest for the question of the utilisation of the reserve 
material of plants under the influence of different rays. 

He found that the nltra- violet rays were extremely injurious to diastase» 
particularly that of malt; the green rays were also injurious. On the 
other hand, different parts of the spectrum, notably in the red, orange, 
and blue, had a stimulating influence, though only temporarily so ; after- 
wards decomposition invariably occurred, the initial acceleration beins due 
to the zymogen being converted into the active ferment. The dififörent 
diastases varied in their behaviour, that of malt extract being destroyed to 
the extent of 68 per cent., saliva diastase to 45 per cent., whilst that of 
extract of leaves was only destroyed to the amount of 8 per cent. Green 
Attributed this to protective influence of the chlorophyll. 

Action of Diastase on Different Kinds of Starch. — Whilst 
diastase easily and rapidly liquefies and decomposes gelatinised 
starch in general, the '^raw" starch-granules vary greatly in 
their resistance to the action of diastase. In the cold, barley 
and wheat starches dissolve fairly rapidly, whilst potato starch 
hardly dissolves at all. At higher temperatures, too, the 
different varieties of starch behave in a totally different manner. 
At 50* 0., according to Lintneb,' the following amounts are 
dissolved: — ^barley starch, 12 per cent.; maize starch, 2 per cent.; 
and green malt starch, 29 per cent.; at öö"* 0., potato starch, 5 
per cent.; barley starch, 53 per cent.; green malt starch, 58 per 
per cent. ; at 60** C., potato starch, 52 per cent. ; barley starch, 
92 per cent.; and maize starch, 18 per cent Frequently these 
differences are attributed to the physical structure of the starch 
granules, which, it is argued, also remains to some extent in the 
paste, and from this the deduction is drawn that the differences 
in the dextrins are also only physical; the apparent intermediate 
stages are hence considered to be so intermingled that the 
process of saccharification is in different stages in different 
parts of the starch paste. This view, which is supported by 
PoTTEViK,' inter alios, would render all the laborious researches 
on the dextrins of no avail, but has hardly su£Gicient foundation. 

The Decomposition of Starch by Diastase. — Notwithstanding 
the fact that a large number of investigators have attempted to 
solve this di£Gicult problem, no general agreement on this im- 
portant question has yet been attained. This is primarily due 
to the great difficulty of obtaining the products formed in the 
diastatic process in a pure condition and separating them from 
one another. 

^ Green, Phüo9oph, TVanaoc^, olxxxviii., 167, 1897. ' Idntner, loc, cit. 
* Pottevin, TUse, Paris, 1899. Men, Sden^fique, 1900, 116. 
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All that has been definitely established is that in the diastatio 
decomposition there are formed, on the one hand, reducing 
9ugar8, which are hexabioaes ; and, on the other hand, amor- 
phous, non-crystalline complex polysaccharides (dextrina), which 
cause little or no reduction, and which when decomposed with 
acid yield glucose. 

As soon, however, as we go beyond these fundamental facts 
we continually meet with contradictions. Since .the workers in 
the- field of research differ from one another in their statements, 
even on the most essential points, it is not possible to obtain a 
clear conception of the subject from the results at present at our 
disposal. 

If we consider, in the first place, the nature of the hexctbioses 
which are formed, the only point established beyond all doubt is 
that, in any case, modtoa» is produced. In addition to this, 
many authorities assert that an isomeric disaccharide, isomaltose, 
is formed, whilst its existence is entirely denied by others. We 
shall return to this subsequently. 

But it is still more difficult to come to a decision on 
the question of the non-crystallisable parts of the diastatic 
products, wJiich are designated by the collective name of 
dextrins. Whilst some thrust aside all the differences which 
have been recorded between the different dextrins as non- 
essential and recognise only one dextrin, others hold the view 
that there exists a larger or smaller number of dextrins, and 
almost every one brings forward a view of his own which is 
not shared by the other authorities. Thus it is almost a hope- 
less task to define the present position of the question, especially 
since there is, in addition, considerable confusion in the 
nomenclature to increase the difficulty. 

The name dextrin originated with Bior, who, however, 
applied it to a substance which still gave a coloration with 
iodine — i,e,, almost the same substance which has subsequently 
been termed soltbble starch. BftcHAMP was the first to give the 
name of dextrin to substances which no longer gave a coloration 
with iodine. 

The first to distinguish Uoo dextrins was Brücke.^ He found 
that one still gave a red coloration with iodine, and named this 
erythrodeostrin, whilst the other which no longer reacted with 
iodine he termed achroodextrin. The existence of the latter, 
which is identical with Nassb's' dextrinogen, has been estab- 

1 Brücke, Süzb. d, Wiener Acad,, MatK Phys. CL, iii., 126, 1872 (gives 
th« older literatare). 
>Nmm and othere, Pßüg, A., xiv., 477, 1877. 
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lisksd beyond dovbt^ whilst the chemical individaality of erythro- 
dexirin is open to question. 

To these first accepted dextrins was next added, as the first 
decomposition product, the so-called soluble atareky which stiU 
gives a hlue coloration with iodine, but is soluble in water. 

BoNDONNEAU,^ bowever, does not regard this as belonging to 
the dextrins, but as still being starch, though he distinguishes 
Ihree dextrins apart from this. On the other hand, Musoülub 
and Gbuber ^ asserted that soluble starch was a decomposition 
product belonging to the dextrins. 

They also distingnished three achroodeztrins (a, /3, y\ which, they asBerted, 
differed from one another in their rotation and reducing power. Sabee- 
qnently the existence of a very large number of dextrins as intermediate 
steps was assumed, notably by Brown and his collaborators, with which 
we shall deal more fully in discussing the theories of the decomposition. 

On the other hand, Brown and Millar,' in their latest 
research, conclude that there is only one well-defined achroo- 
dextrin as a ßncd product of diastatic action. Brown had 
already, at an earlier period,^ shown that the diastatic 
process below 60* C. invariably came to a standstill (or, at 
any rate, only continued from that point very slowly), at a stage 
in which the reducing power = 80 per cent., calculated as 
glucose, and the specific rotation was [a], = 150*. In this 
publication Brown and Millar attempt to prove that in this case 
only mdUoee is produced in addition to a single a>chroodextr\nf 
which they have examined more fully. 

It is only very slowly further decomposed by diastase, gives 
a specific rotation ot [a]„s=197* to 198", and has a reducing 
eapacity of 6 '5 per cent, not to be attributed to the presence of foreign 
substances. On cautious oxidation it is converted into an acid, 
dextrinic add^ which points to the presence of a free reducing 
aldehydic group in this dextrin. They assign to it a constitu* 
tion, according to which it is produced by the elimination of 39 
molecules of water from 40 molecules of glucose. 

If these results should be confirmed they will elucidate the 
whole question of the achroodextrins. The question of the 
nature of erythrodextrin and of the doubtless identical erythro- 
granulöse of Wijsman, to which we shall presently return, has 
been much less thoroughly investigated. 

Still more obscure is the so-called amylodextrvn. It was first 

^Bondonneau, Comptes Hendus, Izxxi, 972, 1210; BtdL Soc, Chim., 
xxiii., 98, 1876. 
^Musculus and Oruber» Z, physiol, Ch., ii., 188, 187& 
3 Brown and Millar, Joum, Chem, Soc., Ixzv., 315, 1899. 
^ Brown and Heron, Joum» Chem. Soc,, xxxv., 596, 1879. 
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obtained by Nägeli * in the decomposition of starch by very 
dilnte acids in the cold. Afterwards it was frequently regarded 
as being closely connected with soluble starch. 

Brown and Morris,^ on the other hand, claimed for amylo- 
dextrin a distinct chemical individuality. 

They repreeented it as a definite suhetance, to which they assigned the 
formuhk (Cx,H|oOio)6 • ^v^^f^n — ^ formula which they were also ahle to 
confirm by a determination of its molecular weight. It thus contains, in 
accordance with Brown's hypothesis {vide infra), six " amylin " and one 
" amylon " grouf«. It is unf ermentable, and forms spherical crystals closely 
resemblinff inulin. They obtained it by a very slow hydrolysis of un- 
gelatinised starch with 2 per cent, sulphuric acid ; but it is also said to 
be formed in the diastatic decomposition. Subsequently Brown and 
Millar ' purified it by converting it into the nitrate, and estabUshed its 
identity. It is very closely related to maltodextrin {vide infra). 

A dextrin soluble in dilute alcohol, maltodextrin, has been 
described by several chemists ( Herzfeld, ^ Brown and 
Morris ^). 

These different maltodextrins, however, had few points of 
agreement. The question of fermentability in particular was 
answered positively by Herzfeld and negatively by Brown and 
Morris. Then, afterwards, the existence of such a maltodextrin 
was again absolutely denied by Schifferer,^ who regarded the 
substance obtained as an impure isomaltose. Brown ^ and hia 
co-workers, however, strongly adhere to its existence, and, in 
turn, assert that isomaltose is only a mixture of maltodextrin 
and maltose. They assign to maltodextrin the formula 

with one free COH group. The question is still far from being 
settled. 

Betxbinck ^ has increased the nomenclature with a new dextrin, ^etieo- 
dextrin, which is somewhat more resistant to the action of diastase, and 

^ Nägeli, Beiträge z. Kenntniss der Stärhegruppe, Leipzig, 1874, quoted 
by Brown and Morris. See next reference. 

* Brown and Morris, J, Chem, Soc., Iv., 44^ 1889; and Z, /. d, geA,- 
Brauw,, 1889, 4:i7. 

» Brown and Millar, J, Chem. Soc., Ixxv., 311, 1899. 

* Herzfeld, Ueber Maltodextrin, Inaug. Diss. Halle, 1879. 

* Brown and Morris, Joum, Chem. Soc., xlvii., 527, 1886 (gives the older 
literature). 

* SchifFerer, Die nichJtkryataÜiairh. Prod, d, Einw. von Diastase auf Stärke, 
Diss. Basle, 1892. 

7 Brown and Millar, Joum. Chem. Soc., Ixxv., 1899, 286, 315. 

8 Beyerinck, C.f. Bakt. (IL), i.,;221, 1895. 
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precipitated by even fairly dilute alcohol. He himself states that it is not 
a chemical incuvidual, and intends the collective name only to indicate a 
genetic relation to Nageli's starch cellulose. 

We have thus to enumerate the following deztrins, oot 
including soluble starch, 

1. Erythrodextrin (including Wijsman's erythrogranulose) is 
decomposed further by diastase, and is precipitated by alcohol 
even in slight concentration; it gives a reddish-violet colora- 
tion with iodine. 

2. Achroodextrins are not further decomposed by diastase, 
although probably so by maltose ; they can be precipitated by 
alcohol, give no coloration with iodine, and have slight 
reducing power. 

3. Amylodextrin of Brown and Morris is decomposed further 
by diastase, causes reduction, and is only precipitated by more 
concentrated alcohol. It gives a purple coloration with iodine, 
has an optical rotation four times as great as that of glucose, 
and can be isolated from its aqueous solution by freezing. 

4. Maltodextrin of Brown and Morris is soluble in alcohol. 
Its existence is doubtful. 

All dextrins are characterised by not being easily crystallised, 
by their ready solubility in water, and by rotating the beam 
of polarised light to the right. Acids convert them into 
glucose. 

In direct opposition to these views we have the conclusions of Pottkvin,* 
who attributes the observed differences in the various dextrins to the 
presence of different quantities of mcUtose, as also to the want of homo- 
geneity in the original starch granules. In particular, he denies the 
existence of a malt^extrin as a chemical substance, since he claims to have 
decomposed it bv fractional precipitation with alcohol into another dextrin 
and maltose, liy fractional precipitation with alcohol he obtained an 
indefinite number of dextrins, which passed through all the stages from 
soluble starch to maltodextrin, and, on further decomposition, yieGled con- 
siderable quantities of maltose. The iodine coloration was found to 
depend largely upon the size of the original starch granules. 

Glycogen appears to behave somewhat differently. Although, 
when decomposed by acids, it yields products which correspond 
to sokible starch and erythrodeastrin, in the diastatic decom position 
there is only one product resembling achroodextrin, which is not 
further decomposed by diastase, dystropodextrin^ but no sub- 
stance corresponding to erythrodextrin. Liver diastase^ however, 
also forms some erythrodex^n (Tebb *), 

1 Pottevin, Th^, Paris, 1899. Quoted in Moniteur Scientif.^ 1900» I1& 
Cf. Oomptes Hendua, oxxvi., 1219, 1898. 
> Tebb, Jaum. qf Physiol., xxü., 427, 1898. 
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Maltose. — The reducing sugar which results from the action 
of diastase was at first regarded as glucose : * Dubeunfaut ^ was 
the first to discover that the sugar produced in the process 
differed from glucose, and named it maltose. This important 
observation was completely forgotten, and was first brought into 
notice again by O'Sullivan.* Through the researches of 
Maercker,^ E. Schulze,^ and others (cf. saliva diastase), it waa 
definitely established that a sugar differing from glucose was 
formed here, and this has since been generally tertned maltose. 

According to the nomenclature of E. Fischer, maltose is a 
glucobiose of the formula CijHggOj^, which reduces Fehling's 
solution and has a much greater specific rotation than glucose. 

It is not attacked by diastase, but is decomposed by an 
enzyme adapted to it (maltase, q.v,) into two molecules of 
dglucose. 

It does not reduce neutral copper acetate (Barfoed's reagent).* 

Iso-Maltose. — In addition to maltose, an isomeric glucobiose, 
iso-maltose, is said to be formed by the action of diastase ; it 
shows other characteristics, and is fermented with more difficulty 
by yeast. It was first prepared synthetically, from glucose by 
E. Ftscher.7 Then it was discovered by Lintner^ as a product 
of the diastatic decomposition of starch, and was more fully 
examined. 

Although Brown and Morris ® deny its separate existence, 
and assert that it is an impure maltose, the other authorities 
adhere firmly to its individuality.'* It is not yet known, 
however, in a pure condition. 

Theories of the Decomposition. — As regards the chemical 
process of the decomposition of starch, there has been much 
discussion. No absolute proof of any of these theories can be 
given so Ions as the constitution and the size of the molecules 
of starch and the dextrins are unknown. 

. * It was first discovered by Guerin-Varry, Ann, Chim. Phys, (2), xxzvi., 
225. 

* Dubrunfaut, Ann, d. Chim. et Phys. [3], xxi., 178, 1847. 

* O'Sullivan, Joum, Chem, Soe., 1876, ii., 125. 

* Maercker, Thiets LandioiHhwh, Jh., 1877. Suppl, part, 286. 
' E. Schulze, Ber, d. d, ckem, Oes,, vii., 1047. 

' Musculus and v. Mering, Z, physiol, Ch., ii., 403, 1878. 

7 £. Fischer, Ber. d. d, cAem. Oes,, zxiii., 3687, 1890; <^, Scheibler and 
Mittelmeier, Ber, d, d. chem. Qes,, xxiv., 303, 1891. 

" Lintner, Z, f, ges. Brauwesen, 281, 1891 ; 6, 123, 1892; Lintner and 
Dull, Z, f. angew. Ch., 263, 1892 ; Lintner, Z, f, d. ges, Bratuo. , 414, 1894 ; 
<^ Ling and Baker, Joum. Chem. Soc., Ixvii., 702, 739. 

' Brown and Morris, Joum, Chem. Soc., Ixvii., 709, 1895. 

^^ Vide, inter aüoe, £. Fischer, Z, physiol. Ch,, xxvi., 71, 1898« 
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At first it was believed that there was a successive trans- 
formation of starch into dextrin, and of dextrin into stigar. 

Musculus, in the publications referred to above, stubbornly 
upheld the theory of the decomposition into dextrin and maltose 
against numerous opponents until he finally succeeded in con- 
junction with Gruber in giving absolute proof that the starch was 
decomposed into dextrin and maltose. 

Brown and Heron,^ in their comprehensive research, ascribed to 
«soluble starch" the formula (C]sH^Oio)io< Bv the addition of water 
this is transformed into erythrodextrtn (C|2H2oÖ]o)9 and one molecule of 
OuHjsOu {nuUtoae). Thus there is a gradual splitting-off of maltose until 
finally on the eighth hydrolysis the process comes to a stand-still. At that 
stage 81 per cent, of maltose and 19 per cent, of the last achroodextrin are 
present. Boubqxtklot's ^ view was, in the main, in accordance with theirs. 

Brown and Morris * subsequently brought forward a compli- 
cated theory. In their conception the four dextrin groups are 
arranged about a fifth, and in the decomposition the whole 
structure falls to pieces. These five dextrin groups have each 
the constitutii)n (C/j2H2oOjo)2o, and this dextrin which gives no 
coloration with iodine, and thus corresponds to achroodextrin, 
is the only true dextrin. Moreover, they also assume the 
existence of numerous intermediate products, the amylcfins, 
which consist of a combination of amylin groups, C^gHgoO^Q, and 
amy^on groups, CjgHggOj^. For instance, amy feä«r<rin, according 
to this theory, consists of 6 amylins and I amylon j maUodeoctrin 
of 2 amylins and 1 amylon. There are also in their opinion 
many other amyloins. which, inter alia, take part in the secondary 
fermentation of beers. Lintner and Düll^ have subjected this 
theory to a vigorous criticism, their main conclusion being that 
the amyl&ins are varying mixtures of deoctrina and iao-mdUoae 
(vide supra). They consider that in the diastatic decomposition 
there are formed three dextrine which correspond to the old 
conception of amylodextriny erythrodextrvn, and achroodextrin, 
and two glucobioses, maltose and iso-maltose, which latter they 
claim to have detected in Brown's maltodextrin. 

Theoiy of two Enzymes. — An essentially different theory of 
the action of malt extract on starch is that proposed by Wijsman.' 
He considers that there is not one simple ferment, diastase^ but 
assumes the existence of two separate enzymes, to which he 

^ Brown and Heron, Liebig^s ilnri., cxcix., 165, 18S0. 
^ Bourqnelot, Comptea liendus,^ civ., 576. 

3 Brown and Morris, Joum. Chem, Soc., Iv., 462, 1889 ; Ixix., 709, 1895. 
* Lintner and Dull and others, Ber. d. d. chem. Ges,, xxrL, 2533, 1899; 
8chifferer, Diss., Basle, 1892. 
' Wijsman, ßecueü d. Trav, Chim, des Pays-Bas, ix., K 
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assigns the names of maltose and dextrinase. According to him, 
this division of diastatic ferments had previously been definitely 
postulated by Odisinibr, who had also chosen the names applied 
to the separate enzymes. Both names are now obviously un- 
tenable. MdUaae is the name rightly applied to the enzyme 
which decomposes maltose; and dextrinase, according to the 
principles of ferment nomenclature, should denote a ferment 
which decomposes dextrins. On the contrary, Wijsman assumes 
that the dextrinase converts into maUo-dextrin in a secondary 
reaction the erythrogranulose which is first formed from starch, 
together with maltose by the action of his maltose. Erythro- 
granulöse is thus, in addition to maltose^ a primary product of 
the action of the ferment. 

WijsmaA demonstrates the action of his two ferments by means of his 
diffusion method previously mentioned. On applying a few drops of a 
solution of diastase to a gelatin plate impregnated with starch they spread 
oonoentrically. If, now, iodine be added, there is left in the centre, where 
both the ferments hare acted, an uncoloured spot, which is surrounded by 
a violet-ring ; the latter, he asserts, represents the exclusive zone of action 
of the ''moi^^OAe" (production of erythrogranxdoae)^ whilst the colourless 
central zooe represents the sphere of the activity of the " dextrinaae." 
Where the ferments have not acted at all the blue colour of the starch 
iodide is naturally pronounced. 

He further states that maltose becomes inactive as low as 
55'C., whilst dextrinase resists temperatures up to 75° 0. This 
is opposed to numerous statements that on heating diastatically 
active solutions the capacity of producing more deeply-seated 
changes is weakened to a greater extent than the power of 
forming the first decomposition products. 

Dextrinase is stated to occur exclusively in the exterior zone 
of germinated barley corn ; he therefore claims to have isolated 
jm/re malt ^^maltase" without dextrinase, and by its means to 
have prepared from starch pure erythrogranvlose in addition to 
maltose. Erythrogranulose is readily soluble in water, but is 
completely different from amylodextrm. 

Beyerinck^ has accepted this view in the main, but concludes 
that dextrinase does not exist ready formed in malt extract, but 
is formed on heating from yet another enzyme, ^^ gramdase^^' 
which produces maltose and achroodextrin (maltodextrin) ; on 
heating, the " granulase " — i.e., the dextrin-forming function — 
remains intact, whilst the maltose-producing function is 
destroyed. Other granulases are not so sensitive, from which 
the deduction can be drawn that there is a difference in the 
granulases of different origin. 

iBeyerinck, (7./. Bakt. (U.), i., 229, 1895. 
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He diBtingnishet between "alkali gramdaaes,** to which belong «altto 
dUulaae and pancreas diastase, and ' ' acid granvlases, " To the latter belong 
the granolases of wheat, rye, and barley, and differiDg from these the 
granulöse of buck wheai, which may be regarded as the prototype of the 
dicotyledon granulaaes, vnaize granulase, and that of the **granulO' 
bacter,'' 

His "maltase" occurs widely distributed throughout the 
vegetable kingdom. It decomposes starch into erythrodextrin 
and fjudtose. It would' be decidedly more practical to designate 
these two enzymes as erythroamylase (granulase) and achro<h 
amylase (maltase), if they actually exist. 

PoTTSViN ^ also believes that the decomposition takes place in 
two successive stages. He, too, concludes that there are two 
distinet enzymes, a dextrinase which transforms the starch into 
dextrin, and the true amylase which completes the further trans- 
formation into maltose.^ This notion appears to me very un- 
happy. Apart from the fact that both enzymes would have to 
occur quite constantly everywhere, which, indeed, is con- 
ceivable, it is still not clear why the amylase invariably trans- 
forms a considerable portion of the dextrin, and yet always 
leaves a definite residue unaffected. Why does it invariably 
cease to exercise its activity on attaining the same ratio of 
dextrin to maltose % In support of his view he brings forward 
the fact that when diastase is heated for a short time (five 
minutes) at 80^ C. it loses its sugar-producing function, while its 
power of dissolving starch is not affected. We have here rather 
to deal with a premature production of the final condition in the 
sense of Tamman, due to a weakening of the ferment. The 
question of the existence and nature of two enzymes in diasta- 
tically-active solutions requires further elucidation. 

Occurrence of Diastatic Ferments in the Vegetable World. — 
The diastatic ferments are widely distributed throughout the 
vegetable kingdom. 

Apart from germinating barley, in which, practically, they 
play their most important part, they are also found in other 
germinating seeds, such as oats, wheat, maize, rice, potato tubere 

^Fottevin, Thlse, Paris, 1899, quoted in Maniteur Scientif.t 116^ 
1900. 

'The names are quite unpractical. As regards dextrinase, which, 
moreover, is none other than that of Wijsman, the existence of which is 
denied by Beyerinck, vide «vpro. But how a dextrin-decomposing, maltose- 
producing enzyme comes by the name of amykue is absolute^ unintel- 
ligible, since it has nothing whatever to do with starch. It would be 
fitting here to use the name dextrinase, and to designate as amyUise the 
oftdy starch-decomposing ferment— «'.e., assuming that Pottevin's cooolusiont 
are correct. 
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(Paybn and Persoz^), vetches, &c. (v, Gobup-Besankz*); also in 
ungerminated seeds, though much more sparingly (Kjeldahl*) 
in fir pollen (Erlenmeyer^), the buds of Ailanthus glanduiosa 
(Paybn and Persoz ^), &c, 

Hansen' discovered them in the sap of Ficus carica. Bara- 
NETZKi,^ in particular, succeeded in finding them in the organs 
and juices of very many plants j he found them widely-distri- 
buted in seeds, tubers, leaves, roots, &c, ; they occur, as a rule, 
in saps "which contain starch (Mulder ^). 

They were found in leaves by Brasse ^ and in beetroot {Beta 
vulgaaia) by Gonnermann." 

Thus there was soon a tendency to adopt the conclusion that 
diastase was invariably present in plants where starch wa» 
decomposed, and to assign to it the important function of 
being the instrument of the entire starch-dissolving activity 
of plants — a view which was put forward, notably, by 
Detmer,^^ 

Diastase, however, is probably not to be found univeraaUy in 
the parts of plants which contain starch ; Krauch,^^ for example, 
could not discover it at all in onions and in the vegetative 
organs of the birch treey and, in the case of the horse-chestnut, 
found it onlj/ in the wood. Wortmann,^^ in particular, energeti- 
cally opposed the view that the entire decomposition of starch 
in plants was to be attributed to the activity of unorganised 
ferments. He discounted the significance of their presence by 
the fact that, in the first place, he detected them in organs which 
produced no starch, and where they must therefore, in his 
opinion, have had no functions ; whilst, on the other hand, he 
laid stress upon the fact that he had failed to discover them in 
places where particularly active transformations of starch took 
place, as, for instance, in ffreen leaves, in which, unlike Baranetzki 
and Brasse, he could find little or no diastase. This part of his 

iPayen and Persoz, Ann. d, Chim, et Phya,^ liii., 73; Ivi., 537; Iz., 

*v. Gomp-Besanez, Ber, d, d cJiem. Oea,, vii., 1478 ; viii., 1510. 

'KjeldahX Bemtm. d. Labor, Carlaherg, quoted by Brown and Morris, 
Joum, Chem, Soc, Ivii., 605. 

^Erlenmeyer, Miinch. Acad, Sitzb,, ii., 204, 1874. 

B Hansen, Arb, Bot. Inst. Wwrzh,, iii., 271. 

* Baranetzki, Die Stärkeumbüd. Fermente, Leipzig, 1874. 

^Mulder, Ckem. des Bieres, trantlAted by Grimm, Leipzig, 226, 1858. 

'Brasse, Comptes Bendus, xciz., 878. 

»Gonncrmann, Chemiker Ztg., 1895, 1806. 
'^^Detmcr, Landwirthseh, Jahrbücher, x., 757, 1881. 
'* Ejranch, Landwirthseh. VersuchsslcU. , xxiii., 77. 
^^ Wortmann« Botan. Zeiig,, zlviii., No. 37, et stq. 
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proof, however, was refuted by Bbowk and Morris,^ who, in a 
Tery thorough investigation, demonstrated the occurrenoe of 
diastatic ferments in green leaves. 

Of course, this does not prove that it is really only the enzf^me 
diastase which invariably causes the starch to dissolve. We 
cannot by this disprove experimentally Wortmann's view that a 
very considerable part of the solution of the starch is effected 
directly by the living plant cell. Wortmann's assumption is 
that, in general, the cell itself fulfils this function, and that the 
enzymes are only excreted with the object of dissolving starch 
which is not directly accessible to the living cell; he also 
regards this enzyme as being not completdy devoid of life, but 
believes that it is still endowed with a ** residue " of vital energy 
derived from the living protoplasm. We have already con- 
sidered this view in the general part, and have pointed out that 
it is much too obscure to serve as a heuristic principle for the 
explanation of the action of enzymes. 

According to Brown and Morris,' we have to recognise in 
plants three different diastases, which differ in their action and 
physiological significance — viz., secretion diastase, translocatian 
diastase f and cytase, Grüss ^ partially confirms these assertions, 
but differs from them in other points. One of these three 
diastases is stated to also have a solvent action on the cell walls 
(cf. cytase). Secretion diastase is that of germinating seeds, 
whilst translocation diastase is that of ungerminated seeds and 
other organs of the plant. They are distinguished by the fact 
that translocation diastase is not capable of dissolving ungelatin* 
ised starch granules, as is done by secretion diastase. 

The Secretion of Diastase in Plants. — The proof of the concep- 
tion that diastase is not produced difiusedly in the organs of the 
plant, but is an actual secretion-product, has been furnished by 
Haberlandt.^ In confirmation of the assertions of Tangl ^ and 
others, he showed that the glutinous envelope of the endosperm 
of gramine» invariably excretes diastase. Aim6-Girard ^ had 
similarly shown that diastase is only produced in the exterior 
iayers of the germ and not in the interior layers where the 
starch is deposited. The ferment and substratum are thus 
separate— Sk fact which we shall also observe again in the case of 

* Brown and Morris, Joum, Chem, fibc., Ixiii., 604, 1803; givee the 
literature on the subject of diastase in leaves. 

2 Brown and Morris, Joum. Chem. Soc., Ivii., 507, 1890. 
^ Grilss, Jahrb. wissensch. Bot,, xxvi., 379. 

* Haberlandt, Ber. rf. d. hotan, Oes., viii., 40. 

* Tangl, Ätteft. Wien., Math. Naiurw, CI., xcii., 72. 

« Aimö-Girard, Ann. d. Phyn. et Chim. (6), iü., 289, 1884. 
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emulsin, &c. Haberlandt has discovered them in the cells of 
the endosperm, and considers it certain that these cells do not 
belong to the storage system of the plant, but represent a true 
glandvUar tissue^ the specific function of which is to produce and 
to excrete diastase^ like the salivary glands of animals, and which 
has its analogy, as regards the rest of the vegetable kingdom, in 
the pepsin glcmds of insectivorous plants, the emuXsin^odtucing 
groups of cells of the leaves of Laurocerasus, «fee. 

Brown and Morris ^ were unable to altogether confirm his 
conclusions; they showed that, in germinated barley, the 
diastase was secreted by the absorptive epithelium of the 
scutellum, and that an embryo which had been deprived of this 
epithelium no longer possessed the power, after the removal, of 
attacking starch, like that of the uninjured embryo. 

As regards the changes perceptible under the microscope, 
which the starch within the plant undergoes under the influence 
of the diastase, full investigations have been made, notably by 
Krabbe,^ A. Mayer,' and Grüss,* but I cannot do more than 
allude to them here. 

As a rule, diastase appears to occur in the higher plants as a 
zymogen, for very frequently fresh aqueous extracts are inactive, 
but, on standing or acidification, become more or less active 
{Baranbtzki,^ Brown and Morris,ö Reychler^). Frank- 
HAUSE^ found that formic acid was produced in the germi- 
nation of barley, and this has doubtless some significance for 
the action of the enzyme. 

Diastase in Cryptogams. — Saccharifying ferments were first 
<liscovered in cryptogams (algae, mould-fungi, &c.) by Koshann.* 

DüCLAUX^^ discovered diastase in moulds {Aspergillus niger) ; 
Wortmann " in the tan^mould (Ftdigo septica). 

The moulds which cause wood to decay (e.g., Trametes radid- 
perda, Hartig) also appear to form diastatic ferments." 

' Brown and Morris, Joum. Chem. Soc.j Ivii., 493, 1890. 
' Krabbe, Jahrb. /. toissenar-h. ßU. , xxi. 

* A. Mayer, UiUera. üb. d. Stärke Kömer. Quoted by Grüss. 

* Grüss, loc. cit.; and Festschrißf. SchwemUntr, Berlin, 184, 1899. 

* Baranetzki, loc. cit. 

* Brown and Morris, loc. cit, 

^ Reychler, Ber. d. d. chem. Oes., xxii., 414, 1889. 

^ Frankhause, Der Bund. Benie, xxxvii. Quoted by Green, Ann. of 
Bot., vii. 

* Kosmann, Bull. 8oc. Chim., xxvii., 251, 1877. 

i^Duclaux, C%»m. Biolog., 142 and 164. Quoted by Bourquelot, Bull. 
Boc. Mycol. de France, 230, Supplement. 
1* Wortmann, Z. phyeiol. Ch., vi,, 324. 
** Cf. Hartig, Die ZersetzungaerBchein. d. Holzes, Berlin, 23, 18% 
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At a later period the mould-fungi were systematically ex- 
amined for ferments, notably by Bourquklot,* in numerous 
researches, and duiatase found to be also widely distributed in 
them. The occurrence of diastatic ferments in yeast i^fusiaiw 
is technically of special importance. Yeast contains all the 
ferments which transform starch into glucose, so that indirectly 
it is capable of fermenting starch, even though it only contain» 
a slight quantity of diastase. 

Various species of Mticar also contain diastase, so that they 
can directly ferment starch and dextrins (Gaton and Dubourg^), 
and the same remark applies to Actinomyces (Febmi*). 

A peculiar symbiosis of diastase-producing mould-fungi with 
alcohol-producing saccharomycetes is found in the yeasts which 
are used by the inhabitants of Eastern Asia in the manufacture 
of alcoholic beverages, especially from rice. 

The best known is the kqji. yeast, which yields saM, the 
Japanese rice wine. It contains a mould-fungus, AspergiUus 
aryzas, which produces a diastatic ferment, taka diastase, although, 
according to later researches, it is not to be regarded as the 
cause of the production of alcoliol (see Alcoholic Fermentation), 
Taka diastase was first described by Atkinson,^ and was after- 
wards more closely examined by Kellner, Mori, and Nagaoka,^ 
and by Büsgen.^ Wköblewski ^ has attempted to prepare it in 
a pure condition, but no continuation of his preliminary com- 
munication has as yet appeared. According to the investigations 
of Stone and Wright,^ as also of Takamine,» it acts much more 
energetically than malt diastase upon starch. It is also not so 
sensitive to the action of hydrochloric acid as malt diastase and 
saliva diastase, and is therefore prescribed in certain diseases as 
a remedy for defective secretion of saliva (Leo ^^). Lactic acid, 
on the other hand, has a pronounced restrictive action. 

We find very similar properties in the case of Tonkin yeasty 
which has been examined by Calmette " and Sanguinetti." 

' Bourquelot, Bnü. Soc. Mycol. d, France, ix., 230 ; x., 236. 
''' Qayon and Dubourg, Ann. Past., i., 532, 1886. 

* Fermi. C.f. Bukt., xii.. 713. 

* Atkinson, Monit, Scientif., 7, 1882. 

^ Kellner, Mori, and Nagaoka, Z, physiol, Ch,, xiv., 297. 
« BUsgen, Bfr. d. d. hot. Ges., iii., 66, 1885. 
7 Wröblewski, Ber, d. d. ckem, Ges., xxxi., 1132, 1898. 
«* Stone and Wright, Joum, Amer. Chem, Soe,, xx., 637; Maly's Jh, 
720, 1899. 

* Takamine, Maty's Jh., 721, 1899. 
*o Leo, Therapeut. Afonatsh., x., 635. 

" Calmette, Ann. Inst. Past., vi., 604, 1892. 
^^ Sanguinetti, Ann. Inst. Past., xi., 264, 1897. 
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There is present in this a mould-fungus which is at least closely 
allied to the mucors, Amylomycea Bouxiiy which produces diastaHe 
in abundance, together with certain Saccharomycetea resembling 
S, pcutorianuSf which induce alcoholic fermentation. According 
to Sanguinetti, amylomyces diastase is weaker than taka dias- 
tase. 

Successful attempts have also been made to isolate diastatio 
ferments from bacteria — e.g.^ from cholera vibrios, Bitter,' 
Wood," and from B. mesentericua wlgatua (Vignal'). Wort- 
VANN * obtained it to a notable extent from Bacterium teiino in 
the form of a substance soluble in water, and precipitable by 
alcohol. ' The ** bacille amylozyme " of Perdrix '^ also produces 
diastase. 

In fact, nearly all micro-organisms possess the power of dis- 
solving starch,* and Fermi ^ has proved definitely that we have 
here not vital but enzymic processes. 

^Bitter, Arch.f, Hygiene.^ v. 

»Wood, Labor. Rep, Royal Coll. Phys., Edinburgh (II.), quoted by 
Cireen, AnncUs of Bot., vii., 120. 

* Wortmmnn, Z. physiol. Ch., vi., 287, 1882. 

«Perdrix, Ann. Inst. Past., 287, 1891. 

*Cf., Pick, Wiener Jain. Woch., 89. 1889. 

'Fermi, Arch. f. Hygiene, x., 1 ; C./. Bakt., xii., 713. 
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CHAPTER XV. 

DIASTATIG FERMENTS IN THE BODIES OF ANIMALS. 

An important part is also played by diastatic ferments in tbe 
digestive processor animals, since they transform the insoluble 
non-absorptionable starch and reserve glycogen into soluble' 
available sugars. They are found, in particular, in the saliva, 
intestinal secretion, liver, and pancreas. 

They are true eTuymes, Goldschmidt,^ alone, expresses the opinion that 
the diastatic power of the saliva may also be due to organised /ermentSt and 
has discovered a motdd-fungus derived from the air, the diastatic activity 
of which, he asserts, assists that of the saliva. The bacteria of the mouth 
themselves do not, as a role, have a saccharifying action (Milleb % 

The Diastatic Ferment of the Saliva. — The organic part of the 
saliva was designated ptyalin by Berzelius'j afterwards this 
name was transferred to the diastaiic ferment of the saliva. 

The power which the saliva possesses of dissolving starch and 
converting it into reducing sugars was discovered by Leuchs,* 
and soon afterwards was thoroughly investigated by Schwann.* 
Mialhe'^ precipitated the active principle with alcohol. Oohn- 
HEiM* removed it from its solution by means of calcium phos- 
phate, as in Brücke's method, dissolved it in water, and pre- 
cipitated it with alcohol. 

Saliva diastase yields practically the same decomposition- 
products as vegetable diastase. Here, too, glucose was at first 
believed to be formed until it was recognised through the 
researches of Seeoen ^ and Nasse " that the sugar was distinct 
from glucose. Nasse named it ptycUoae, and regarded it as 

J Goldschmidt, Z. physiol. Ch., x., 1294, 1886. 

^Quoted by Schlesinger, Virch. A,, cxxv., 146, where is given a compre- 
hensive bibliography of the literature on saUva. 

^Leuchs, Kästner' s Archiv f, ges, NaiurlehrCj 1881, quoted by Schle- 
singer, loc, cit. 

•* Schwann, Poggendorff's Ann., xxxviii., 359. 

^Mialhe, Comptea Bendus, xx., 954. 

«Cohnheim, Virch, A,, xxvlii., 241, 1866. 

^Seegen, Centralbl, med. Wiss.y 949, 1876. 

»Nasse, Pflüg. A., xiv., 477. 
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diff&retU from rnaüose. v. Mbbing and Musculus,^ however^ 
subsequently prepared maltose from the products of the re- 
action, this sugar being formed at first exclusively in addition to 
dextrin,' as was also found by Külz ' to be the case in the action 
of saliya on glycogen. They also found iaomcUtose.* 

Of course, glitcose is also formed from the tnaUaee by the 
further action of the saliva, since the latter also contains 
maUcue (q.v,) It does not, however, contain invertcue. 

Saliva diastase does not appear to be absohitely identical with 
malt diastase, a fact to which Dufresne^ was the first to call 
attention. 

The difference is said to be, on the one hand, in its thermal 
'* death point" for it becomes inactive at 65° to 70** 0., or, according 
to BouRQUELOT,* even as low as 58° C, and is thus considerably 
more sensitive than malt diastase ; this point, however, accord- 
ing to BiERNACKi,^ greatly depends upon its degree of concentra- 
tion. Then, it is stated to be unaffected by salicylic acid in a 
concentration of less than 1 per cent., whilst maU diastase 
becomes inactive even in a 0*05 per cent, solution of the acid 

(MÜLLER^. 

Lastly, neutral salts are said to have a different action upon 
it (Nasse*). 

On the other hand, Fugliese ^^ altogether denies that there is 
any difference between the two diastases. Their properties, he 
contends, are so much influenced by impurities that no great 
importance should be assigned to observed differences. 

The activity of the diastase is increased by dilute aeid^^ 
(Schierbeck '^, but is rendered inactive by hydrochloric acid of 
the concentration ofthat of the gastric juice (Kübel ^^). 

This opens up the important question whether the diastatic 
action of the saliva is limited to the cavity of the mouth, or 
still continues in the stomach. (For the older literature, see 
Schlesinger ^^) It appears as though it remains intact for a 
certain time (Kübel"); according to Richet,^* it acts even more 

^MaBcnlus and v. Merin^, Z. physiol. Ch., ii., 403. 
»V. Merinar, Z. phyaiol, Ch., v., 185, 1881. ^Kn\z, Pflüg. A., xxir., 81. 
^See also Hamburger, Pflüg. A,, Ik., 645. 
'Dafresne, Comptts Rendtta, Izxxix., 1070. 

• Bourq uelot, Compies Rendua^ civ. ,71. ^ Biemacki , Z. /. Biol, , xxviii. , 49, 
»Müller, J. pract. Ch., N.S., x.. 444. »Nasse, Pflüg. A., xL, 156, 1875. 
^'^Pugliese, Pflüg. A., Ixix., 115 (gives the literature). 
" Cf.y however, on this point Schlesinger, Virch. A.^ cxxv., 167. 
1* Schierbeck, Scand. Arch. f. Phi/a., iii., 344; c/., Chittenden and 
Griswold, Amer. Chem. Jmim., iii., 205, 1882. 
w Kübel, Pflüg. A., Ixxvi., 276. 
^* Riohet, Joum. de VAncU. et Phys., xiv., 285. 
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energetically in the stomach than in the mouth, though eventually 
ü is undoubtedly destroyed, (Langlet '). 

The introduction of carbon dioxide into a neutral solution has 
also an injurious influence (Ebstein and Schulze'), though this 
is opposed to the statements of Detmer ' and Nasse,^ who found 
that carbon dioxide had an accelerating effect, whilst other gases 
were indifferent. 

Solutions of alkalies, including sodmm carbonate (Chittendbk 
and Ely*) have a restrictive influence (Kübkl*); when carbon 
dioxide is passed into alkaline solutions, this injurious influence 
is partially removed. The diastase is thus not destroyed by the 
alkali, but only enters into combination with it, and is rendered 
inactive (Ebstein and Schulze^). 

Neutral salts, for the most part, have a stimulating influence, 
notably common salt up to a certain degree of concentration, 
which depends upon the concentration of the starch paste 

i(KÜBEL'). 

Magnesium sulphate and mercuric chloride have a pronounced 
injurious action, whilst tartar emetic is beneficial in the same 
degree of concentration (Chittenden and Painter '). Arseniaus 
acid has no action (Schäffrk and Böhm®); peptones have a 
beneficial influence (Chittbndkn and Elt^); aUkaloids Act both 
ways (Nassb '*) ; and arUipyrin is without influence. Paralde- 
hyde has a considerable restrictive action, and thalline sulr 
phate in very slight quantities has a stimulating effect, but 
is injurious even in a I per cent, solution (Chittendbn and 
Stewart "). 

Alcohol checks the fermentation (Watson"), as is also the case 
with thymol (Schlesinger "), salicylic acid exceeding 1 per cent. 
^MÜLLER ^*), and chloroform, but not toluene (Pugliesb"). 

The optimum temperature is about 45" 0. As regards the 

* LaDgley, Joum, o/Phys,, iii., 24Ö. 

* Ebstein and Schulze, Virch. A.^ cxxxiv., 475. 
' Detmer, Z. physioL Ch., vii.« 1, 1882. 

* Naase, Pflüg. A., xv., 477, 1887. 

* Chittenden and Ely, Joum, of Phys., iii., 327. 

* Kübel, loc, cit. (gives the literature). 
7 Ebstein and Schulze, loc, cit. 

* Quoted by Schlesinger, Virch. A,^ cxxv., 170. 

* Sehäfler and Böhm, Wünä). phys. med. Ges., N.S., iii., 238. 
^« Nasse, Pflüg. A., xi., 146, 1875. 

11 Chittenden and Stewart, JHcUy'e Jb., xx., 248, 1890« 
1* Watson, Joum. Chem. Soc.^ xxxv., 639, 1879. 
^ Schlesinger, Virch. A., cxxv., 340. 
1« MttUer, /. Prakt. Chem.y N.S., x., 444. 
» Pngliese, Pflüg. A., Ixtx., 115. 
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thermal death-point, vide supra, A temperature of - 20* 0, 
does not injure the enzyme (Paschutin ^). 

The Mode of Action of Saliva Diastase.— The products of the 
diastatic action of saliva upon starch are : — Maltose and JDex- 
trins (for further particulars see the preceding description of 
Diastase in general). 

HAuuARSTiiN^ found that while starch paste of the most 
different varieties of starch was acted upon by saliva in the same 
time, the ungelatinised starch granules varied very greatly in 
the extent to which they were dissolved, potato starch being 
attacked far mare slowly than maize starch ; the other starches 
gave intermediate values. Finely-pulverised potato-starch, how- 
ever, was rapidly dissolved, as was also masticated starch. 
Uninjured starch granules are not attacked at all according to 
BouRQUELOT,' since the saliva ferment cannot penetrate the 
celltUose envelope of the granules. Brasse,^ however, asserts that 
diastase also attacks ungelatinised starch. 

Solera '^ has made similar experiments on the behaviour of 
different varieties of starch towards saliva. He found that there 
was a variation both in the ratio between the weight of starch 
employed and that of the sugar obtained, and also in the tims 
in which equal quantities of sugar were produced ; and established 
the fact that the varieties of starch which were most rapidly 
decomposed did not necessarily yield the most sugar, but that on 
the contrary ^to^ starch with the greatest velocity of decomposi- 
tion produced the smallest amount of sugar. Quantitative 
experiments have also been made by Lea^ and by Kübel/ tn^ 
alios. 

Whether the action is more or less energetic depends upon the 
relative amount of the ferment. 

Saliva diastase, according to Paschutin,^ cannot transform 
unlimited quantities of starch into sugar. 

With a relatively small proportion of ferment, the higher 
products, dextrinSy are formed to a preponderating extent 
(Gbütznbr •). 

A similar result is effected by a relatively high temperature. 

Diastase which has been weakened by heat has not, according 
to BouRQUBLOT,'^ lost its powcr of producing the first deoomposi- 

^ Paschutin, MvUer-ReicherCs Arch., 1871. 

' Hammant€D, Virchow-Hirseh Jh., 1871, 95. 

' Boarquelot, Comptes Rendua, civ., 71. 

^ BrasM, Camptea Bendus, c, 454. << Solera, Maly's Jh., 235, 1878. 

* Lea, Joum. of Physiol., xi., 234, 1890. ^ Kübel, Pflüg. A., Izxvi., 276. 
8 Paschutin, Centr. med. Wiss., 273, 1871. 

* Griitmier, Pflüg. ^ . , zii., 1876. ^^ Bourquelot, Comples Rendus, civ. , 576. 
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tion products of starch (vide supra), "which, on the contrary,, are 
formed with the same rapidity. On the other hand, its farther 
action is completely destroyed, so that no typical end-products 
are formed. 

In new-bom animals the saliva ferment is stated to exist only 
in the parotid gland, and there, too, only sparingly (Bidder and 
Schmidt ^). Zweifel ^ and Korowin,^ however, found that, as 
a rule, the freshly extirpated parotid gland possessed diastatic 
power. 

Pathological saliva has heen examined by Zweifel ^ with reference to 
the ferment it contains. In thrush the ferment appears to be absent. 
In a case of angvMb ccUarrJudis it was found to be normal (Salkowski ^). 

A diastatic ferment is not present in the saliva of all animals. 
It is found in man and herbivora (Grützner ^). But it is not 
present in the submaxillary gland — e.g., of rabbits (Schiff,^ 
Grützner,7 Lakgley s) . The mixed saliva of rodents (rats) is 
said to have the strongest action, then that of the Carnivora; it 
is weakest in the case of the sheep and goat (Astaschewski ®). 
That of the horse has a very vigorous action (Ellenberger and 
Hofmeister"). Krugenbero^^ found it to be widely distri- 
buted among fishes, occurring in the saliva and mucous 
membrane of the mouth. 

Pancreas Diastase (Amylopsin).^^ — The diastatic action of pan- 
creatic juice was discovered by Bouchard at and Sandras.^' It 
can be detected both in the secretion and in an infusion of the 
gland. Pancreas diastase is identical with, or very similar to, 
the saliva ferment (Haumarsten ^*). 

Active extracts are obtained by the same methods as are 
employed in the preparation of the proteolytic pancreas ferment 

Side Trypsin). They obviously also contain the other ferments. 
ANiLEWSKi ^'^ endeavoured to obtain a ferment which was only 

^ Bidder and Schmidt, Verdauungaaafte, 23, 1852. 

2 Zweifel, Unters, üb, den Verdauunga-App, der Neugeh. ^ BerUn, 1874. 

» Korowin, CentralU, med. Wies., 261, 305, 1873. 

* Salkowski, Virch, A,, cix., 358, 1887. 
«^Orützner, Pfivjtf, ^., xii., 285. 

• Schiff, i/6f. d, L Phy8, de la Digestion, i., 204, 1867. 

' Grützner, Pflüg. A., xvi., 105. ^ Langley, Joum, of Physiol,, L, 68. 

•Astaschewski, Centralbl. med. Wise., 531, 1877. 

^® •Ellenberger and Hofmeister, Arch, f. wisa, u, prakt, Thier?ieükuinde, 
zu., 265, 1881. 
" Krukenberg, Unters, physiol. Inst, Heidelb., ii., 41, 389. 
" Wingrave, Laticet^ i., 1251, 1898. 

19 Boucnardat and Sandras, Comptes Pendus, xx., 143, 1085* 
^* Hammarst^n, Leiirh. phya. Ch., 262, 1895. 
^^ Danilewski, Virch. A., xxv., 279. 
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diastatically active by means of precipitÄtion "with collodion; 
CoHNHEiu ^ tried the same method which v. Wittigh ^ employed 
in the case of the saliva ferment, using anhydrous glycerin, 
which does not dissolve trypsin, after previous treatment with 
alcohol. Glycerin extracts were also employed by Nasse.* 

Paschutin * asserts that, by means of hydrogen potassium 
arsenate, the diastatic ferment can be isolated almost alone from 
the pancreas, whilst solutions of other salts extract all the 
ferments. From permanent fistulas a liquid which is only 
diastatically active is frequently obtained.^ 

The resulting products are the same as in the case of the 
other diastases;^ glucose, too, is formed, which is to be attri- 
buted to the presence of maltose. 

According to Nasse,^ it differs from the diastase of malt and 
of saliva in being affected differently by neutral salts. 

Its activity is also destroyed at about 65° C. A quanti- 
tative investigation of its activity has been made — e.g,y by 
Roberts.^ 

Grützner » found that the diastatic activity of the pancreas 
was weakest six hours after a meal, and strongest after fourteen 
hours. According to his experiments, sodium chloride does not 
interfere with the action of the diastase, unless present in con* 
siderable concentration (6 per cent.), but sodium carbonate is 
prejudicial even in a 05 per cent, solution. The strong restric- 
tive action of the latter salt is confirmed by Gans.^® Pancreas 
diastase is said to be wanting in new-born animals (Korowin "). 

According to the experiments of Roberts ^* and Floresco,^* 
the pancreas of the pig has the greatest diastatic activity; 
whilst that of the ox, sheep, and dog, is much weaker in its 
action. Hamburger''* asserts that the pancreas of the dog is 
more active thaii that of the ox. 

^ Cohnheim, Virch. A,y xxviii., 251. 
2 V. Wittich. Pflüg. A,, ii., 196. 
8 Nasse, Pflüg. A., xiv., 473, 1877. 

* Paschutin, MvUer-ReicherVa Arch., 382, 1873. 
^ Gamgee, loc. cit.y 221. 

* V. Mering and Musculus, Z, physiol, Ch,, ii., 411. Hamburger, Pßiig, 
^., be., 560. 

' Nasse, Pflüg, A., xi., 156. 

® Roherts, Proc. Royal Soc, xxxii., 145. 

> Griitzmer, Pflüg. A,, xii., 292. 
" Gans, Vtrk. Congr. innere Med,, 449, 1896. 
" Korowin, Centraibl, med. Wias., 261, 305, 1873. 
^ Roberts, Lumleian Lecture. Quoted by Gamgee, loc. eU., 220. 
^ Floresco, C. R. Soc. Biol., 77, 1896. 
* Hamburger, Pflüg. A., Ix., TiGT. 
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Recently it has again been asserted, by Ghlodoünski and SuLC,^ that 
starch remains for the most part unaltered during the action of the 
pancreas, and also that dextrin» and glucose, but iwt maltose, are the 
substances formed. 

Diastase Zymogen. — ^Whilst it has beea proved in the case of 
pepsin and trypsin {q.v,) that the glandular cells do not con- 
tain the active enzymes themselves, but a parent substance, a 
zymogeriy this conclusion has not yet been established in the case 
of pancreas diastase, although it is probable. 

LiTERSiDOB^ first separated the diastatic enzyme from the 
pamcreas ; he then exposed the residue to the air and found that 
a fresh infusion again showed a strong diastatic action. If, 
then, a zymogen exists, it must be insoluble in water, since an 
increase in the activity through the influence of any agent has 
never been observed in aqueous solutions, as in the case of other 
enzymes. 

According to the special observations which Goldsghmidt' 
made on the parotid saliva of the horse, it is also not yet pos- 
sible to prove that there exists a zymogen of this, which is 
rendered active through the influence of the air. 

The Diastatic Ferment of the Small Intestine. — Whilst, for- 
merly, it was asserted Uiat the mucous membrane of the small 
intestine contained no diastatic ferment (e.^., by Thiry, Leube, 
Lehmann ^), it has at the present time been definitely proved 
that a decomposition of starch actually does take place in the 
intestinal secretions (Gumilewski,^ Lannois and LI^pins,^ 
EiCHHORST,^ Paschütin,8 Dobboslawin Ö). Bbown and Hkron,*^ 
Bastanielli,'^ Tebb,^' and others, detected maltose as a product 
of this decomposition. Hamburger '' ascribes very little dia- 
static power to the intestinal secretions ; he found practically 
only glticose, as was also done by Pregl,^^ though this un- 
doubtedly is only formed from the maltose by a secondary 

iChlodoimski and Sulc, Sitzb, d. L böhm, Acad, d, Wiaa., 1896 
(Bohemian). Malt/'s Jb., 67, 1896. 
* Liversidge, Joum, o/Anat. and Physiol., viii., 23, 1874. 
» Goldschmidt, Z. physiol. Ch., x., 273. 
. ** Quoted by Rohmann, Pflüg. A., zli., 424 (gives the older literature). 
■ Gumilewski, Pflüg. A., zxxix., 564. 
' Lannois and Lepine, Arch. d. Pkya., 92, 1883. 
^ Eichhorst, Pflüg. ^., iv., 584. 
' Pasohutin, MvlUr-ReicherCs Arch., 1871. 
» Dobroslawin, UnUra Anal. Phya. Inst. Graz, 68, 1870. 
^^ Brown and Heron, Lieb. Ann., cciv., 228. 
1^ *Ba8tanielli, Mokachotea Unleraueh., 138, 1892. 
" Tebb, Joum. of Physiol., xv., 421, 1893. 
» Hamburger, Pflüg. A., Ix., 560. " Pregl, Pflüg. A., Ixi., 388. 
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reaction (vide maltose). Kohmakn ' found, like Lannois and 
LiiPiNE, that the upper part of the small intestine acted more 
energetically than the lower. Both the intestinal secretion 
itselfy and also the dried mucous membrane or glycerin extracts 
thereof, are active. On the other hand, according to Grützner,' 
Brunner's glands contain no diastase. Guünert^ discovered 
diastase and invertase in the intestine. 

A diastatic ferment was found in the intestine of the cray-fish 
by Hoppe-Setler,^ in that of bees by Erlrnmeyer,^ and in the 
liver secretion of snails by Krukenberg^ and others.«^ 

Liver Diastase. — The facts that the liver contains a carbo- 
hydrate similar to starch glycogen, that it forms this from the 
glucose of the blood, and that after death, and indeed also intra 
vUamy this substance is readily transformed into sugar, were 
made known notably by the investigations of Claude Bernard.^ 

Glycogen resembles starch, but possesses a still more compli- 
cated structure.® 

It is converted into less complex sugar both by the action of 
acids and of diastase. In this process maltose is produced (Külz 
and VooBL.") 

It was thus natural to conclude that this decomposition in the 
liver was also effected by & ferment similar to diastase. 

v. Wittich" claims to have obtained a diastatic ferment 
from a glycerin extract of dried liver, as also from liver from 
which all blood has been completely drained, and hence he 
concludes that there is a definite liver ferment. He also found 
it in bile. In no case did he obtain these extracts free from 
sugar. Sbegen and Kratschmer^' by treating the livers of 
rabbits in as fresh a state as possible with glycerin, obtained 
extracts free from sugar. These contained the diastatic ferment 
and glycogen, the latter on dilution with water being transformed 
into sugar. 

Abelbs ^ was the first to announce that the ferment was pro- 

1 Röhmann, Pflüg. -4., xli, 424. « Grutzner, Pflüg, il., xil., 285. 
' Griinert, CerUralbl. f. Physiol. , v., 285. 

* Hoppe-Seyler, Pflüg. A., xiv., 394. 

' Erlenmeyer, Munch. Acad. Siizb., McUh. Naturw. CI., 205, 1875. 

* Kmkenberg, Unters, physiol. Inst. Heiddb., ii., 75, 411, 1878. 
7 Cf. Biedermann and Moritz, Pflüg. A., Izziii., 247, 1898. 

" CI. Bernard, Comptes Pendus, zli., 1855 ; Ixzxv., 519, 1877. 

* Heine, Fortschr. d. Medicin, ziiL, 789. 

^^ Külz and Vogel, Z. /. Biol., xzzi., 108 ; </. Musonlnt and y. Mering; 
Z. physiol. Ch., u., 416. 
" V. Wittich, Pflüg. A., vii., 28. 
^^ Seesen and Krattchmer, PAug. A., ziv., 593. 
^' Abelesy Med. Jahrbücher, II. fleft, 1876, qnoted by Schwiening. 
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dnced after death, and that he had also obtained the ferment from 
boiled livers; this was confirmed by Seeoen and Kbatschmeb,^ 
though they refused to admit that it indi'^ted a post-mortem 
product, inasmuch as they were able to detect the fermentation 
in the extract of boiled livers, even without any contact with 
the organ. They believed that they were justified in concluding 
that the diastatic reactions in these extracts were solely 
due to proteid substances — a conclusion similar to that arrived 
at by Babanetzei ^ and Mulder.^ Schwienino^ cannot accept 
this conclusion. He is inclined rather to attribute the phe- 
nomenon to bacterial action, though he also is of opinion that 
the ferment is not completely destroyed on boiling, but only 
weakened. Pavy^ energetically supports the view that the 
decomposition of the glycogen in the liver is a fermentative 
process, and asserts that he has been able to preserve the 
ferment for a long period. This has been confirmed by Tebb.® 
The whole question, therefore, still remains obscure, and stands 
in urgent need of elucidation. 

Thus the question of the decomposition of glycogen during 
life is closely bound up with the question of the diastatic ferment 
of the liver and its action. The doubt arises, for instance, whether 
this decomposition is simply an enzj/mic one, like that of the 
proteids and carbohydrates in the intestine, or whether it is a 
specific vital process only eflfected by the living cells, and after 
removal of the organ merely continuing to a gradual extinction. 

The ferment theory is accepted by Salkowski ^ and Richet,^ 
inter alios, whilst Cavazzani ® and Paton *® refuse to accept it. 
Salkowski concludes that an active yermen^ is present from the 
fact that the fresh liver decomposes glycogen when the proto- 
plasm has been killed by chloroform. Cavazzani " urges against 
this apparently convincing proof that this might be due to the 
saccharifying action of the blood contained in the liver. He 

^ Seegen and Eratschmer, loc. cit., 597. 

* Baranetzki, Die Stärkeumbildenden Fermente in d. Pflanzen, Leipzig, 
1878. 

3 Mulder, Chemie des Bieres, tnnsUted by Grimm, Leipzig, 222, et «eg., 
1858. 

* Schwiening, Virch. A,, cxxxvi., 465. 

» Pavy, Joum, of Physiol., xx., 4 (Proo. Phytiol. Soc. Oxford, 1896) ; 
xxii., 391, 1898. 

* Tebb, Joum. of Physiol., xxii., 427, 1898. 

7 Salkowski, Pflüg. A., Ivi., 339. 

8 Riebet, C. B. Soc. Bid., 1894, 525. 

9 Cavazzani, Arch. lied. d. Bid., xxviii., 91, 1898. 
10 Paton, Philosoph. Transact., clxxxv., 277, 1897. 
" Cavazzani, Arch. Ital. d. Bid., xxxii., 350, 1899. 
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firmly adheres to the vital view, aad considers that he has a 
proof of it in the fact that when he disabled the cells with methyl 
violet instead of with chloroform he found no saccharifying action 
in the freshly-extirpated organ. Moreover, quininey which has 
no action upon ferments, is said to considerably lower the 
saccharifying power of the liver, and the livers of dogs poisoned 
with quinine contain very little glucose, as Cayazzami ^ asserts 
in his last communication, in which he firmly maintains his 
opposition to the ferment theory. Eves,^ too, considers that the 
formation of sugar by the liver is not of an enzymic nature. 
Inasmuch, however, as diastatic ferments occur everywhere in 
the body, it is not of such great importance whether this glycogen 
decomposition is more or less closely bound up with the living 
cells. From a theoretical point of view it is in any case a 
fermenUitive process. 

Occorrence of Diastase in Other Organs and Secretions of 
Animals. — Diastatic ferments have been detected in most of the 
organs of the body, notably by v. Wittich ^ and by LfepiNE.* 
In the horse they were found by Ellenberoer and Hofmeister^ 
to be widely distributed. They were discovered in the crop, 
testicles, and thyroid glands, and also in the fourth stomach of 
the ox and other animals, by E. Fischer and Niebel,^ in bile 
by Jacgbson,^ v. Wittich,® and others ; in human milk by 
Bechamps,^ and in faeces by v. Jaksgh.'^ As has long been 
known, a diastatic ferment is present in the hlood}^ 

Pl6sz and Tiegel ^^ discovered a saccharifying ferment in 
combination with the blood - corpuscles, which is normally 
inactive, but through the influence of various agents (0.^., 
freezing, &c.) becomes active. Bial,^* on the other hand, found 
that the corpuscular elements were devoid of action. 

Pl63Z and Tiegel discovered at the same time in the blood- 
corpuscles a force which destroyed ferments (possibly an oxy- 
dase? ). They are inclined to attribute the diastatic action of the 

^ Gavazzani, Arch, ItcU, d. Bid,, xxzli., 350, 1899. 
2 Eves, Joum. of Physiol., v., 342. » v. Wittich, Pflüg. .4., vii., 28. 
* Lupine, Sachs. Acad., 322, 1870. 

' Ellenberger and Hofmeister, A. f. vnssensch. TJiierJieUk., viii« 
« E. Fischer and Niebel, Berl. Acad., v., 1896. 

' Jacobson, De sachari formatuyne fermentique, dkc.. Diss. Regimonti» 
1865. 
8 V. Wittich. Pflüg. A., iii., 341. 
» BÄjhamp, C. Ä., xcvi., 1508. 
^^ V. Jaksch, ^. physiol. Gh., xii. 
" For the older literature, see Bial, Pflüg, ii., Iii., 137. 
" Pldsz and Tiegel, Pflüg. A., vi., 249 ; vii., 391. 
" Bial, Pflüg. A., Iii., 137 ; liii., 156. 
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liver (vide supra) to this blood diastase, which enters into combi-' 
nation with the proteids of the cells of the liver, v. Wittich * 
denies both the combination with the blood- corpuscles and the 
explanation of the action of the liver. He also obtained it from 
the serum. Bial^ asserts that the blood contains a special 
ferment, which converts starch into glucose. He has thus over- 
looked the successive action o{ diastase and maltase. Höhhan n' 
discovered dextrins (porphyro-dextrin and achroo-dextrin)^ isa- 
maltose, and glucose, Hahburoer ^ found maltose also. 

BiAL 2 further states that human blood has a weaker diastatic 
action ; in the blood of new-bom animals and of embryos he was 
at most able to detect diastase in traces. 

Zanier^ found more diastatic ferment in the blood of the 
mesenteric vein than in other vessels. It became weaker in 
starving animals. 

Diastase was found in the serum of numerous animals by E. 
Fischer and Niebel.« In the lymph it was found by Bial* 
and by Höhhann.^ 

LtPiNE^ states that the diastatic ferment in the blood is 
diminished in diabetes, as is also the case in long-continued 
asphyxia. 

Bechamp^ discovered a diastatic ferment in normal urine, 
which he regarded as a "mati^re albuminoide" and named 
nephrozymase ; he believed it to originate in the kidneys (see 
also Cohnheim," Breusing," Holovtschiner "). Gehrig^* 
found it in various urines, the least being in that of the dog. 

In diabetic urine it was found by Pl6sz and Tiegel (loc. ciL) ; 
Lepine,'^ however, found that it was present in smaller quantity 
in such urine. 

A diastatic ferment was found in pleuritic exudations by 
ElCHHORST," in the cerebro-^inoL liquid (obtained by spinal 

1 V. Wittich, Pflüg, A., vii., 28. 

« Bial, Pflüg, A,y hi., 137 ; liü., 156. 

> Rohmann, Ber. d, d. chem. Oes,, zxv., 3654. C med, Wias,, 849, 1893. 

* Hamburger, Pflüg, ^., Ix., 670. 

» Zanier, Oazzetta degli Ospitali, 44, 1895. Maly's Jh., xxvi., 212. 
« Fischer and Niebel Sitzb, BerL Acad,, v., 1896. 
' Rohmann, Pflüg, -4., lii., 167 (older literature). 

^ Lupine, Wiener, mid, Presse, 1892, No. 26, &c. Comptes Bendus, 
cxiiL, 1014, 1891. 

* B^champ, Comptea Bendus, Ix., 445, 1865. 

10 Cohnheim, Virch, A,, xxviii., 251, 1865. 

11 Breusing, Virch, A,, cvii., 186, 1887. 
1* Holovtschiner, Virch, A,, civ., 42. 

1* Gehrig, Pßüg, -4., xxxviii., 35. i* Lupine, loc cit, 

» Eiohhorst, Zeitsch./, Hin. Med,, iii., 537, 1881. 
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puncture) by Cayazzani ^ and Grober»' in dropsical fluid by 
Bbeüsino,* and in hen's egg, by Joh. Müller.^ Panzer ^ dis- 
covered diastase in the liquid from a chyle fistula. 

Diastatic Ferments and Diabetes. — An important part is 
ascribed to diastatic ferments in the etiology of diabetes mellitus. 

Thus L£:pine and Barral ^ assert that, in phloridzin diabetes f 
the saccharifying ferment of the blood is increased, whilst in 
ordinary diabetes it is diminished {vide supra). 

Hildebrandt 7 first proved that the aqueous extract of 
Syzygium Jambolanum, in vitro, lowered the diastatic action, 
and then 8 studied its influence on the artificial diabetes pro- 
duced by irritating the ÜT. depressor. He considers that tho 
following conclusions can be drawn from his experiments : — 
Syzygium Jambolanum beyond doubt lowers the amount of sugar 
separated ; but, inasmuch as its influence upon the utilisation of 
the sugar once formed must be regarded as very trifling or even 
nil, there is reason for concluding that its action causes a. 
diminution in the formcUion of sugar, or, in other words, a 
weakening of the diastatic power. 

He also found that arsenic injured, on the one hand, the 
action of diastase, and on the other hand, as was found by 
Salkowski, prevented the separation of sugar. 

Finally, he found that injection of diastase lowered the limit 
of assimilation of grape sugar simultaneously introduced. 

6an8® has shown that, in vitro, the decomposition of glycogen 
by diastase can be retarded by adding sodium carbonate. He is 
inclined to conclude that the curative action of alkalies in 
diabetes, which has been clinically proved, depends upon this 
diminution in the production o/stigar being also effected in the 
organism. This view, however, cannot be altogether accepted 
without further proof. On the one hand, Lupine explains the 
increase in the excretion of sugar by the decrease in the activity 
of the glycolytic ferment {q»v.), whilst, in his opinion, the produc- 
tion of sugar plays only a secondary part in the process ; then^ 
on the other hand, it has been assumed that in diabetes there is 
a diminution in the alkalinity of the blood, and the curative 

^ Cavazzaui, C,f. Phya., x., 145. 

2 Grober, MümK med. W., 247, 1900. 

• Breuaing, Virch. A., cvii, 186, 1887. 

• MüUer, Munch, med. W., 1683, 1899. 

Ö Panzer, Z. physiol. Ch., xxx., 113, 1900. 
^ Lupine and Barral, C. R., cxiii., 1014, 1891. 
' Hildebrandt, Btrl. Hin. W., No. 1, 1892. 
» Hildebrandt, Virch. A., cxxxi., 26, 1893. 

• Gans, Verh, Congr. innere Medidn, 449, 1896. 
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action of alkalies is attributed to a restoration of this normal 
alkalinity. 

Again, experiments have been made which indicate that a 
sort of immunisation against diastatic ferments can be produced 
by the introduction of dicutaae (inlravenal), and through this a 
decrease in the amount of sugar excreted by diabetic patients can 
be brought about (Kussmaul,^ L&pine and Barbal ^). 

^ Kussmaul, A.f, Hin, Med., ziv., 42, 1874. 
' Lupine and Bajral, loc. cit. 
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CHAPTER XVI. 

FERMENTS OF POLTSACCHARIDES WHICH RESEMBLE 

DIASTASE. 

THE ENZYME WHICH DISSOLVES THE CELL-WALLS. 

(CELLULASE. CYTASE.) 

In addition to reserve-starch the endosperm of many plants also 
contains considerable quantities of reserve cellulose or of similar 
substances which can be used in the formation of the cell-walls. 
For instance, in the case of palms the exterior wall is so 
enormously developed that the cavity appears to have nearly 
disappeared. Now these large quantities of cellulose arc dis- 
solved at the same time as the starch in the process of germina- 
tion. This process of solution was first noticed by Mitscherlich^ 
in sections of potato. Sachs ^ observed the solution of the 
endosperm and the production of sugar. Since then this 
process has frequently been further investigated, mainly from 
the microscopic-histological point of view.^ As Green * shows, 
the notion of a dissolved enzyme forcibly suggested itself a priori 
in this process of solution, since for the histological reasons 
which he brings forward it is difficult to conceive in what 
manner the protoplasm of the cotyledon could act directly upon 
the material which is dissolved. Even the production of granules 
in the cells of the haustoriumy into which part of the cotyledon 
is transformed, appears to indicate secretory activity. He did 
not, however, succeed in detecting any enzymes whatever in the 
extracts of these organs of palms. 

On the other hand, Brown k Morris ^ found such enzymes in 

1 Mitscherlicb, Berliner Academ. Sitzb,, Math, Naturw. CL, 102, 1850. 
« Sachs, BU, Ztg,, 243, 1862. 

' Vide, Reifls, Landw, Jahrb. von Thiel ^ xviii., 711, 1899, which contains 
copious references. 
^ Green, Annals of Botany, vii., 93, 1893. 
' Brown and Morris, Journ, of the Chem, Soc., Ivii., 497, 1890^^ , 
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germinating barley corns. They concluded that in the process 
of germination the cell-walls begin to dissolve before the starch 
granules are decomposed by the diastase. The epithelial cells 
of the scutellum also undergo a granular alteration in the 
process, which may be attributed to a state of secretion, similar 
to that described, notably by Haberlandt,* in the case of 
diastase. They thus appear to secrete not only diastatic but 
also cytolytic enzymes. 

By extraction with cold water and precipitation with alcohol, 
they obtained the enzyme in a dry condition (though not free 
from diastase), and when re-dissolved this was capable of 
dissolving the cell-walls of the barley-endosperm. The extract 
becomes inactive on boiling ; at 60° C. it loses its cy tohydrolytic 
power without being deprived of its diastatic capacity, which is 
tirst destroyed at 70" C. The enzyme acts best in a faintly acid 
solution, especially in one containing acetic or formic acid. Its 
chemical activity has as yet been very insufficiently investigated, 
and definite decomposition-products (sugar ?) have not yet been 
isolated. 

It also acts upon certain other cell-wall materials, though it is 
without action on many others, from which we must conclude 
that there are different substances in the walls of cells. 

It is only produced when the nutritive substances in the 
cells diminish, as has also been shown to be the case with other 
vegetable enzymes (e.g., invertase in Aspergillus^ q.v.). B eyebinck^ 
also comes to the conclusion that there is an enzymic solution of 
the reserve-cellulose by means of a special ferment. He has 
observed that even before being dissolved this is converted into 
a substance which gives the bliie iodine reaction. 

Newcombe^ discovered a special cytase in the germinating 
endosperms of the datCf barley, and white lupine, which were 
active in extracts ; there was also a very faint action in the case 
of the pea and buckwheat. The cell-walls first became transparent, 
and finally dissolved. The various extracts behaved so differently 
towards starch and cellulose as to justify the conclusion of the 
existence of several enzymes. In particular, it was found that 
the cytase from the endosperm of the date acted decidedly more 
energetically upon cellulose, but had a much weaker action upon 
starch than the enzyme from the cotyledons of dates. 

Reinitzbr,^ on the other hand, opposes the conclusion of a 
specific cytase peculiar to barley. Brown and Morris had 

^ See p. 170. ^ Beyerinck, Cenir. Bah. 1895 part 2, 239. 

> Newcombe, Ann. of Bot., xiii., 49, 1899. 
* Reinitzer, Z. pkysiof, Ch., xxiii, 175. 
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accounted for the fact of many cell-walls not being attacked by 
their enzymes by the lignißcation of these cells; Kbinitzek 
shows that this cannot invariably be the explanation. He 
concludes rather that the cell- walls of barley consist for the 
most part of easily-hydroly sable hemi-celluloses, which can be 
dissolved by even a 0*1 per cent, solution of hydrochloric acid; 
only these can be attacked by the enzyme, whilst there are other 
hemi-celluloses which remain absolutely unchanged. Moreover, 
whilst pure cellulose is not acted upon by an extract of air- 
dried malt, these readily hydrolysable hemi-celluloses are 
attacked by diasUise — a power which the diastase, weakened by 
heating to 60° 0., naturally no longer possesses to its full extent. 
Other hemi-celluloses, however, resist tlie action of diastase, and 
in the case of these Iteinitzer admits the possibility of a specific 
enzyme, a cytase, which he absolutely refuses to recognise as 
present in germinating barley, 

Grüss,^ too, supports the view that it is the diaatase which 
dissolves the cell- walls ; he has studied this process microscopi- 
cally in the case of the date, by immersing fine sections for a 
very long period in glycerin and preventing putrefaction by 
means of chloroform. He names the process of solution 
alloolysis. There result from it soluble products, presumably 
nwmnaae. 

Malt diastase and PeniciUium diastase are also stated to have a 
similar action upon the reserve-cellulose (Grü^-s ^). 

A gum ferment which was found in certain plants by Wiesnkr ' is stated 
to possess the power of converting cellulose into gum or mucilage. 
Beinitzeb,^ however, denies that it possesses this property, and regards it 
as a simple diastatic ferment. 

In like manner, there has been much discussion on the 
question of the occurrence of such cytases in wood-destroying 
fungi and similar parasites. Their activity has been closely 
studied, histologically and chemically,^ but the question of the 
enzyme is still waiting for a definite solution. 

Experiments made by Kohnstamm,® however, with the pressed 
extract o^Merulius lacrymans, the dry-rot, obtained by Buchner's 

1 Gruss, Ber, d. d, botan. Ges., xii., 1S94. 

2 Griiss, Festschr, f Schtoendejier, Berlin, 184, 1899. 
> Wiesner, Sitz, Wiener Acad., xcii., 1, 40, 1886. 

* Reinitzer, Z, ph, Ck,, xiv., 463. 

* See also Hartig, Die Zersetzungerscheing, des Holzes^ Berlin, 1878. Also 
Der Echte Haussckwamm, Berlin, 1886; Wortmann, Biol, Centralbl,, 
iii., 285. 

' Ph. Kohnstamm (Munich). From a friendly private communication 
of the results of experiments not yet published. 
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method, seem to have furnished evidence of the existence of a 
true cellulose-dissolving enzyme. In the action of the pressed 
extract for fifty hours on the leaves of Elodea, he obtained 
results similar to those observed by Hartio (loc. cit,) in the case 
of the living fungus — viz., corrosions in the form of large, narrow^ 
extended spots, which caused the interior walls of the leaf to 
appear undulating and transversely striated in the form of 
a ladder. 

Other processes of disintegration have been observed in the 
case of other parasites. 

De Bary ^ found that certain species of Peziza broke through 
and dissolved, by means of their mycelia, the central lam ell» of 
the plants attacked by them, that the juice expressed from these 
injured plants, dissolved cellulose, and that this property was 
lost on boiling. 

In an analogous manner, Marshall Waed^ observed the 
same phenomena of solution in the case of a parasite of the lili/y 
a species of Botrytis, as with the Feziza; but, in addition to this» 
the mould-fungi, when grown in a nutrient liquid, formed 
secretions containing granules which gradually dissolved cellu- 
lose. The enzyme could be obtained in a dry condition by 
means of precipitation with alcohol. Similar results have been 
obtained by Makabu Mitoshi ^ with Botrytis cinerea and 
Fenicillium glaucum, Kewcombe^ isolated from Aspergillus 
OryzcB a cytolytic enzyme which, in an aqueous extract, had an 
energetic action upon cellulose, but a much weaker one upon 
starch. 

A mould-fungus which grows on filter paper has been de- 
scribed by Ohelianski.^ 

Hadromase. — In the destruction of wood by mould-fungi — e.g., 
the common dry-rot, Merulius lacrymans — Czapek^ concludes 
that^ in the first place, the "ester" of the cellulose present in 
the wood, the compound of the latter with hadromal, is decom- 
posed into its constituents, cdluJose and hadromal, and that then 
the cytase brings about the further decomposition of the 
cellulose into soluble products. A similar action is ascribed to 
2rametes, Polyporus, Agaricus, Pleurotus, and Armillaria, 
Czapek succee dedin obtaining the active enzyme oi PUiurotus 

1 De Bary, Botan, Ztg,, 415, 1886. 

2 Marshall Ward, Ann. of Bot., ii., 1888. 

3 Manabu Miyoshi, Jahrh. vns&ensch. Bot., zxviii., 277, 1895. See also 
Ward, Ann. of Bot., xii., 565, 1898. 

* Newcombe, Ann. of Bot., xiii., 49, 1899. 

^ Omelianski, Coniptea Rendu«, cxzi. , 653, 1895. 

* Czapek, Ber. d. deutsch, bot. Ges., xvii., 166, 1899. 
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TpulmonarvM and MertUvus ktcrytnana in a solid and stable condi- 
tion by expression and precipitation with alcohol. He named 
this enzyme hctdronuue, and regarded it as distinct from cytcue, 
which, in addition to diasiase, is a product of wood-destroying 
mould-fungi. He was inclined to group it with the enzymes 
which decompose glucosides. Until its chemical action has been ^ 
more fully studied, I prefer, on practical grounds, to consider it 
as closely allied to cytase, without committing myself to this 
conclusion by doing so. 

Bacteria, too, secrete enzymes which dissolve cell-walls — cg.^. 
B, amylobtieter (de Baby ^), B. mesetUericus wlgaiua (Yiokal ^), 
&c. 

NÄOELI ^ ascribes to bacteria in general the power of ^* con- 
verting cellulose into grape sugar." 

Van Senus ^ obtained a cytase from putrefying beet-juice by 
precipitation with alcohol. 

"Cytases" in Animals. — Most of the attempts to discover 
cellulose enzymes in mammaiia have given negative results 
(DucLAUX,^ Pregl Ö). 

MacGillawby,^ alone, claims to have obtained from the 
vermiform process of the rabbit a glycerin extract which di- 
gested cellulose, and to have been able to prepare from cellulose 
by means of this extract a substance which reduced copper 
oxide ; Sghmulswitsch ^ ascribes to the pancreas a solvent action 
on cellulose. 

Brown® discovered a cytase in the intestine of graminivorous 
animals. 

Cykuea appear to be of more frequent occurrence in the lower 
animals. 

In the case of fishes, Knauthb ^^ found that the extract of the 
hepato-pancreas of the carp, to which chloroform had been added,, 
had a very energetic solvent action upon cellulose — e,g., filter 
paper and the fruit of Symphoricarpus racemosus (snow-berries.) 

Biedermann and Mobitz ^^ discovered in the middle intestinal 
gland {liver) of snails (6.^., Helix pomatia) an extremely active 

^ De Bary, Vorlesg. üb. Bacterien, Leipzig, 65, 1866. 
^ VignaJ, quoted b}" Green, Ann. of Botany , vii., 120, 
8 NUgeli, Vie niederen Pilze., 12, 1882. 

* Van ISenus, quoted by Flügge, Micro-organisjnen, ^, 1896. 

* Duclaux, Comptes Bendus, xciv., 976, 1882. 

* Pregl, Pßiig. A., Ixi., 282. 

^ MacGillawry, Archiv, nierland., xL, 394, 1876. 

8 Schmulewitsch, Bidl. Acad. ISL Petersb., 549, 1879. 

» Brown, Joum. Chem. Soc.y Ixi, 352, 1892. 
•" Knauthe, ZtiUchr.f. Fischerei, v., 1897. 
^' Biedermann and Moritz, Pflüg. A., IxxiiL, 236, 1898. 
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cytaae, which in less than an hour commenced to dissolve both 
the endosperm of the date and still more resistant celluloses. 
An enzyme differing somewhat from this was found by the same 
investigators in the7ti;er secretion of the crayfieh (loc. ciL, p. 256). 
Both ferments decreased rapidly in their activity on dilution. 
Extracts of the livers were found to be inactive. 

The enzyme produced simple carbohydrcUes — ^for instance, from 
beet cellulose^ glucose (?) and a pentose ; from da>te stones^ mannose 
and no pentose. From the reserve-cellulose of the coffee bean, 
mannose and galactose were obtained; and, in short, the decompo- 
sition followed a course analogous to that effected by dilute 
acids. 

The question of the alterations of cellulose in the intestinal 
canal and its physiological utilisation is, to a certain extent, 
connected with the solution of the cellulose by enzymes. It 
appears, however, as though we have to deal here almost 
exclusively with putrefactive phenomcTia and not with enzymic 
decompositions. I content myself, therefore, with referring to 
the note- worthy researches of Tappe iner,i and the survey of the 
literature by Biedrrmann and Moritz.' 

Inolase. — Dragendorff ^ was the first to assume the existence 
of an enzyme which transformed a carbohydrate, mu/in, occurring 
in numerous organs of plants, into ßructose, but he was unable to 
discover the ferment. It was subsequently found by Green* 
in Helianthus tnherostis, Bourquelot^ discovered it in certain 
mould-fungi. 

Where it occurs — e.g.y in dahlias, articliokes, &c, — inulin takes 
the place of the reserve-starch which is otherwise present. On 
decomposition it yields c^frnctose. Malt contains no inulase. 
The inulase is produced in the organs of these plants on 
germination, but attempts to render the secretion histologically 
visible, as in the case of the diastase of plants, have not been 
successful. It does not attack starch, is destroyed by boiling, and 
is extremely sensitive to the action of acids. 

It is present in the plants in the form of zymogen (Green^). 

Seminase. — Diastatic ferments which convert Tnanno^alactan, 
a reserve-substance of plants — ^the so-called horn-albumin — ^into 

1 Tappeiner, Z,f. Bid,, xx., 62, 1884. 

a BiedennaDn and Moritz, Pflüg, A., IxxiiL, 219, 18ft8. 

' Dragendorff, Materialien zu einer MoTiographie des Ifivlins, St Petersb., 
1870, quoted by Wortmann, Biol. Ctbl., iii., 266. 

* Green, Ann. of Bot., i., 223. 

^Bonrquelot, BuU. Sac, Myccl., x., 235. See aUo ibid., ix., 230, re- 
print. 

' Green, Ann. ofBjt., vii, 122. 
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fnannoae and galactose, haye been discovered by Boübquelot and 
HisRissEY ' and others in the fruit of the carob tree, in species of 
Medicago and in Trigonella foenum grcecum. They conclude that 
a specific ferment, different from diastase, is here present, and 
have given it the name of seminase. 

Gambinase. — The enzyme which is said to occur in the germi- 
nating seeds of Ceratonia siliqua has been as yet but little 
investigated, but is doubtless of a similar character, and has 
been named carubinase by its discoverer, Eppront.* By its 
action on cartMuj a polysaccharide of which nothing further is 
known, there results a sugar which has been designated earth 
hinose, but which, according to van Ekenstein,^ is identical 
with c^mannose. 

Fecünase. — Under this name Boubquelot* describes an 
enzyme occurring in germinated malt, which is capable of 
decomposing the pectirifOus svhstances resembling carbohydrates 
which are found in plants into reducing sugars, even when 
the pectins have been coagulated by their own accompanying 
enzyme, pectase {q.v,), though, vice-versa, pectase does not develop 
its activity after the auction ofpectinase. It occurs, together with 
diastase, in inaU, but is absent {e.g.) from saliva and aapergiUus, 
and in this respect differs from diastase. 

It is very sensitive even towards a slight acidity in the media, 
which must, therefore, be rendered less acid by the addition of 
chalk before its action can be recognised. 

^ Bourqualot and H^rissey, Comptea Bendua, czzix., 228, 391, 614, 
1899; cxxx., 42, 840, 741, 1900. Joum, d. Pharm, et Chim. (6), xL, 104, 
1900. 

^ Effront, Cwnptes Rendua, czxv., 116, 1897. 

' Yftn Ekenstem, Comptea Rendua, cxxv., 719, 1897. 

^ Boarquelot, Joum, d. Pharm, et Chim., 1899 (reprint). See also Bour- 
qnelot and H^tsey, C. R, Soc. Bid., Ill, 1898. 
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CHAPTER XVII. 

FEBMEHTB OF THE DISACCHABIDE8.— MALTA8E. 

Musculus and Gbübeb ^ discoyered that, in diastatic fermenta- 
tion, grape sugar was formed in addition to the main product, 
maUose; v. Msbing ^ made the important discovery that it was 
not a primary product at all. Although maltose was fermented 
by yeast, he concluded that the maltose must^rs^ be converted 
into glucose before alcoholic fermentation could set in. He cer- 
tainly could not accept this as a fermentation process. 

OuisiNiEB ' next patented, in the year 1855, a process for the 
preparation of bread, which was claimed to contain a large 
proportion of a sugar, cerealose. He and his pupil Gi^duld* 
then found that glucose was here produced by a special enzyme 
which they named glucose. 

Almost simultaneously, Bovbquelot^^ furnished the proof 
that in every fermentation of maltose, even in the lactic acid, 
fermentative glucose was actually formed first. He crippled the 
alcohol-forming power of the yeast (by means of chloroform) and 
found that its power of decomposing maltose remained intact. 
He and Hahbubgeb ^ came to the conclusion that this decom- 
position was due to a special enzyme^ which the latter also 
named glucose. E. Fischeb ^ subsequently succeeded in 
definitely solving the question with the aid of the osazone 
reoctionf by means of which he was able to directly identify the 
glucose produced. 

There exists, therefore, a specific enzyme which decomposes 
maltose into two molecules of ghicose, and which is best described 
by the name of maltose, 

^ Musculus and Gmher, Z,phy8i6l, Ch.^ ii., 182. 

' V. Mering, Z, physiol, Ch,y v. 187. 

'Cuisinier, quoted verbatim by Beyerinck, C /. BaM, (IL), i. 329» 
1895; of. Chem. CerM., 614, 1886. 

* GÄiuld, Woehenschr,/, Brauerei, viiL, 646, 1891. 

■ Bourquelot, Jowm, de VArvaJt, et Phys,, xzii., 162, 1886 ; Joum, de 
Pharm., 420, 1883. 

« Hamburger, Pflitg. A,,lx,, 676. 

' E. Fischer, Ber, d, d. chem, Ges,, xxviii., 1433, 1896. 
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Maltase is widely distributed throughout both the vegetable 
and animal kingdoms, and usually accompanies the dutstcUde 
fertnenta (q^v.) ; its occurrence in malt eoctract is of primary im- 
portance. Beterinck {loc. ciL) has obtained an active prepara- 
tion from decorticated and oil-freed maize by extraction with a 
dilute solution of tartaric acid (0*1 : 2500) containing some 
alcohol, and precipitation with stronger alcohol. 

As in the case of the diastases, slight differences also appear 
to occur between the maltases, so that K Fisoheb ^ concludes 
that there are numerous maltases. In particular, there appears 
to be a difference between malt maltase and yeast maltase. The 
former resists, to some extent, the action of alcohol, whilst the 
latter is very rapidly destroyed by it. They also differ in their 
sensitiveness to heat. Its occurrence in cryptogams is of special 
importance. Bourquelot^ and his pupils have found it in 
many plants. 

Ntoffly all the yeast-moulds contain maltase. It is, howover, 
more firmly attached to tbem than is the diastase^ so that fresh 
living yeast yields no maltase to the infusion when treated with 
water. It is necessary to dry the yeast first {vide infra). 

In the Tdka diastase of the yeast of Aspergillus oryzce (vide p. 
172), a maltase was found in addition to invertase by Kellner, 
Mori, and Naoaoka.^ As a general rule, the maltase in 
aqueous extracts of dried yeasts is accompanied by invertase^ 
with the exception of S, octosporuSf^ which does not contain 
invertase. Maltase is absent from all the lactose yeasts^ as also 
from kephir granules, which contain lactase instead ; in addition to 
these, reference may be made to S. marxianus^ which contains 
only invertase, S. apicuUUus which contains neither enzyme, and 
some other saccharomycetes. 

According to E. Fischer's directions,^ it is obtained by washing 
beer yeast with water, drying it rapidly, and digesting it with 
water at 35" 0. Fresh yeast yields no maltase to water, so that 
normally the hydrolysis which precedes the alcoholic fermenta- 
tion must take place within the cell. 

Hill' has isolated it from dried yeast by extraction with 
sodium hydroxide solution (0*1 per cent.) and precipitation with 

1 E. Fischer, Z. fhysiol, Ch,, zxvi., 74, 1898. 

^ Bonrquelot and others, ßuU. Soc, Mycol,, ix., 290, Reprint. B. and 
H^riBsey, ibid.t x., 235, Reprint. 

* Kellner, Mori, and Nagaoka, Z, physiol. Ch,., xiv., 905. 

* E. Flacher, loe. cil,f 77. 

^ E. Fischer and Lindner, Ber. d. d, chem, Oes., xxviii., 9037, 1895. 
« E. Fischer, Z. physiol. Ch., xxvi., 76, 1898. 
7 Hill, Joum, Chem, Soc., Uxiii., 634, 1898. 
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alcohol. The optimum temperature for its activity is 40° C, 
whilst at 55° C. it is destroyed (Lintneb and Kröber ^). 

In an aqueous solution it will only keep for a few days. Hill, 
however, was able to keep it for several months in sterilised and 
well-closed flasks without material alteration. It is apparently 
destroyed by alcohol, and is also injured by chloroform (Lintneb 
and Kröber/ c/, E. Fischer, loc, cit.^ 75). 

Hi: RISSET,^ on the other hand, asserts that cLspergülus maltose 
is not affected by chloroform. 

The activity of this and the other ferments which decompose 
the disaccharides can best be studied after crippling the vital 
activity of the yeast cells, which would cause alcoholic fermenta- 
tion, by the addition of about 1 per cent, of toluene (E. Fischer, 
loc. city 75), not chloroform. 

Maltose appears to possess the power of decomposing dextrins, 
not starch; at least, most investigatory assign to maltase the 
property of decomposing dextrins in the a/ter-fermerUotum, 
inasmuch as very little dextrin is found in the finished beer, 
but considerable quantities of sugar. 

Animal Maltases. — The fact that, in the conversion of starch 
into sugar by animal secretions (saliva, secretions of the in- 
testine, and pancreas), grape sugar is formed in addition to 
maltose was made known by v. Mering and Musculus,' Kulz,* 
and others, v. Mering ^ showed that maltose was decomposed 
by the saliva and the pancreas into glucose. Bourquelot ^ and 
Hamburger ^ inferred that a specific enzyme was present which 
converted the maltose into glucose. Shore and Tebb ^ investi- 
gated the decomposing action of many dried tissues on maltose. 
The small intestine of the pig had the strongest action. Tebb ^ 
also found maltase in the liver, kidneys, &c. Bourquelot" 
found more maltase in the small intestine of rabbits than in the 
pancreas, and chiefly in the middle of the intestine. 

Maltase was found in the blood by Dubourg,^^ by Gley and 

1 Ldntner and Erober, Ber, d, d, chem, Ges.t xxviii., 1060, 1895. 

> H^rissey, C. B. 8oc. Biol,, 915, 1896. 

' V. Mering and Musculus, Z, physiol. C%., ii., 403. 

* Külz, Pflüg. A,, xxiv., 81, 1881. Külz and Vogel, Z. /. Biol,, xxxi., 
108, 1894. 

* V. Mering, Z. physiol. Oh,, v., 190. 

^ Bourquelot, Joum. de rAfuU, et Phya., zxii., 200, 1886. 
7 Hamburger, Pflüg. A., Iz., 575. Cf, Röhmann, Ber. d. d, Chem. 
Ges., zzvii., 3252, 1894. 
" Shore and Tebb, Joum. of Physiol., ziii., 19. 
» Tebb, JouTTi. of Physiol., xv., 421. 
10 Bourquelot, Oomptes Bendua, xcvii., 1000, 1883. 
" Dubourg, 8ur I' Amylase de F Urine, Thhae, Paris, 1889. 
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BoüRQUELOT,' and by Hamburger.^ Tebb,^ and Fischer and 
NiBBEL,^ detected its occurrence in the senim of numerous 
animals. 

A. ferment (? maltase) which decomposes dextrin is present in the 
blood of the frog, but only in the spring and summer and not in 
the winter. At the latter period of the year, dextrin injected 
into the blood passes unchanged into the urine.^ 

iQvertase, Sucrase. — It has long been known that yeast 
ferments cane sugar, Dumas and Boullay^ showed, in 1828, 
that cane sugar must lose a molecule of water before fermenta- 
tion, DuBRUNPAUT^ discovered (1830) that in this process it 
was transformed into non-crystaUisable sugar. Persoz^ dis- 
covered the IflBvorotatory power of invert sugar, and Biot ^ the 
inversion by acids. 

It was recognised at a very early period that the conversion 
of cane sugar was not effected by the typical activity of the 
yeast, but that a special ferment co-operates with it. 

Oane sugar is decomposed by this enzyme into one molecule 
of dextrorotatory d-glucose and one molecule of Icevorotatory 
d-fructose. Inasmuch as the rotation of the fructose to the left 
is stronger than that of the glucose to the right, the mixture (in 
equal parts) of the two sugars is Icevorotatory^ and is hence 
termed invert sugar. 

Baüdrimont and Dubrunfaut^ called attention to this 
enzyme of yeast afber occasional statements by Döbereiner and 
MiTSCHERLiCH. Berthelot,® who was the first to prepare it in 
a dry condition by precipitation with alcohol^ gave it the name of 
^^ ferment inversif^" whilst Bj^champ '® called it zymase, Bernard 
detected its occurrence in the intestinal secretion. 

Invertase was prepared by many methods and further ex- 
amined by LiEBia," Bbrthelot,^^ Donath,^^ and others. Hoppe- 
Setler ^* attempted to isolate it by extraction with water after 

» Gley and Bourquelot, 0. B, 8oc. Biol., 247, 1895. 
^Hamburger, PJliig. A., Iz., 575. Cf, Rohmann, Ber. d. d. cJiem. 
Oea., zzvii., 3253, 1884. 
'Tebb, Joum. of Physiol., xv., 421. 

* Fischer and Niebel, Sitzh. Berliner Acad., v., 1896, Reprint. 
' Quoted from Schützenberger, loc. cit. , 255, Note. 

* Dnmas and Boullay, Ann. Chim. Phys., xxzvii., 45. 

' Quoted by Pasteiir, Die Alcoholgahrg,, German translation by y. Griess- 
mayer, Stuttgart, 1878 (2nd Ed.), 8. 
« Baüdrimont and Dubronfaut, quoted by Quevenne, /. pr. Ch., xiv., 334. 

* Berthelot, Comptes Bendus, li., 980, 1860. 
^^ Quoted from Schützenberger, loc. cit,, 240. 

" Liebig, iu hia Annalen, cUii., 1, 137. ^ Berthelot, O. A, li., 980, 1860. 

" Donath, Ber. d. d. ckem. Oes., viii., 795, 1875. 

" Hoppe-Seyler, ibid., iv., 810, 1871. ^ j 
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killing the living cells with ether. Barth ^ made use of 
Salkowski's method' to attain the same end, heating the dried 
yeast to 105" C, and then thoroughly studied the properties of 
the invertase which he obtained from this dry sterile yeast by 
extraction with water and precipitation with alcohol. InverUue 
was prepared by extraction with glycerin by Gunning,^ and in 
considerable quantity by O'Sullivan and Tompson * from the 
liquid yeast obtained by allowing pressed yeast to stand (for one 
to two months). Very active solutions have been obtained from 
pure cultivations of AspergiUtcs niger {vide infra). Invertase 
was found in several other yeasts by Kalanthar,^ and in mueor 
yeasts by Prrz.® 

Fruitless attempts to prepare it in a pure condition were made 
by Lea ^ and Wr6blewski.8 

It was then further investigated by Osborne.^ He let the 
yeast stand in contact with alcohol, extracted the invertase with 
chloroform-water, and purified it to some extent by precipitation 
with lead acetate and dialysis. As thus obtained, it has but 
little ash. It is not a proteid sibbstance^ but still contains carbo- 
hydrate. According to HartleYj^^ it can also be distinguished 
from Proteids by means of the spectroscope. 

Invertase, like maltose^ cannot be isolated from healthy fresh 
yeast cells, or at most only to a trifling extent." In order to 
overcome the resistance of the cells and obtain the enzyme in 
an aqueous extract, it is necessary to have recourse to agents 
such as alcohol (Lea**), chloroform, or toluene (Bourquelot," E. 
Fischer ") ; or the cdl-wall may he destroyed by trituration with 
powdered glass (E. Fischer^*), or by continued maceration 
(PoTTEViN and Napias"). This end is also attained by dry 
heat. 

The various yeast invertases differ in certain properties, 

1 Barth, UM,, xi., 474. Cf, also NÄgeli, Munch, Acad,, 178, 1878. 

« Salkowski, C, med. Wias,, 606, 1877. 

' Gunning, Ber. d. d. chem. Ges., v., 821, 1872. 

• O'Sullivan and Tompaon, Jowm. Chem. Soc., Ivii., 834, 1890. 
» Kalanthar, Z. phyaiol. Ch,, xxvi., 80, 1898. 

• Fitz, Ber. d. d, chem. Ges., vi., 48, 1873 ; ix., 1352, 1876. 
' Lea, Joum. of Physiology, vi., 1885. 

^ WnSblewski, Ber, d, d. chem, Ges., xxxi., 1134, 1898. 

• Osborne, Z. physiol. Ch., xxviii., 399, 1899. 
10 Hartley, Joum. Chem. Soc., li., 58, 1887. 

" (ySuUivan, Joum. Chem. Soc., Ixi., 593, 1892. 

12 Lea, Joum. of Phyaiol., vi., 1886. 

1» Bourquelot, C. B. Soc. Biol., 205, 1896. 

" E. Fischer, Z. phyaiol. Ch., xxvi., 76, 1898. 

" Pottevin and Napias, C. B. Soc. Biol., 237, 1898. 
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notably in their sensitiveness towards disturbing influences 
and in their optimum temperature» It is significant of the 
physiological importance of the enzymes that the invertase of 
topifermerUoHon yeast has aa.optimum temperature about 25* O. 
higher than that of bottoTnr/ermenUitwn yeast. Here we have a 
typical adaptation of the enzymes. 

Teast invertase also decomposes meUtriose (raffinose), a tri- 
saccharide of beet sugar, into fructose and mdxbioeey^ and also a 
carbohydrate which occurs in Gentiana lutea, into gentianoee.* 

Nearly all yeasts contain invertase; most of them in addition 
to maltase, the lactose yeasts, in addition to lactase. Some~-e.^.» 
S. Marxianus — contain only invertasa^ 

On the other hand, invertase is absent from some yeasts — e,^., 
S. apiculatus (Havsbn *). 

In aqueous solutions, invertase is, without doubt, the most 
sensitive of all the enzymes. Yery dilute acids have, it is true, 
a stimulating effect upon the action of the ferment here, as in 
general ; but the contrary effect is brought about by even a 
very slight amount of acid (Febnbach). Oxalic acid is specially 
injurious. 

It becomes inactive at fairly low temperatures in an aquexme 
solution, even at 45^ to 50* 0. after long-continued exposure 
(A. Mater ^). According to Ejeldahl,^ it is rapidly destroyed 
St 70° 0., its optimum temperature being 53* to 56* G. Natu* 
rally solutions of cane sugar are used in these determinations. 

It is protected to some extent by cane sugar, like all enzymes 
by their substrata (A. JVIater^). According to Kjeldahl,^' 
alkalies and mercury salts are also prejudicial ; light is without 
influence, according to Mayer, and the same remark applies to 
hydrocyanic add and to boric acid (B^champ^). It is destroyed 
by pepsin in a slightly acid solution (Falk ^). It is also injured 
by alcohol (A. Mayer ^). 

DüCLAüx^^' found that the restrictive influence of mercuric 
chloride was but slight, but that that of potassium cyanide was 
pronounced. 

1 E. Fischer, Z, physid, Ch,, xxvi., 75, 1898. 

a Bourquelot, O. R, 8oe, Biol., 237, 1898. 

» E. Fischer, loc, cU. 

^ Hansen, quoted by Müller-Thurgau, Landtoirthsch. Jahrb. ^ 795, 1886. 

' A. Mayer, Z. gea, Brauw., 1892, 86 ; Bmymohgie, 23. 

• Kjeldahl, Z, ges. Brauw., 1881, 457. 

7 B^hamp, Oomptes Bendtu, Ixzv., 337. 

» Falk, Du Boia Archiv,/, Phyaid., 187, 1882. 

* Mayer, Enzymologie, Heidelberg, 13, 1882. 

w Duclaux, Ann, Inst. Past., xi, 1897. ^ , 
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The conditions of the action of invertase have been studied by 
Tahhan,^ a. Mayer,^ and Müller-Thurgau,^ inier alios. The 
decomposition of the cane sugar increases approximately in pro- 
portion to the quantity of ferment. At higher temperatures it 
shows a rapid decrease in its activity, but even at a fairly low 
temperature (40* C.) it becomes weaker at a relatively rapid 
rate. 

MtOIer-Thurgau also discovered that the curve of the quantities of cane 
sugar decomposed in definite periods of time was only a straight line at 
lower temperatures, hut that, on the contrary, at higher temperatures, the 
quantities acted upon in equal periods of time decreased with the time, 
tiiough obviously the absolute quantities within the same time were greater 
at higher temperatures ; he expressed this in a series. The amounts de- 
composed in equal periods of time at the temperatures — 

0% 10% 20% 30% 40' C. 
stand in the ratio of 

9 : 19 : 36 : 63 : 73. 

He attributes the gradual decrease in the incremental activity 
to the accumulation of the decompoeition-prodticts, which inter/ere 
with the action. Pure cane sugar does not prevent the action, 
even when present in a very strong degree of concentration. 

A curious theory as to the nature of invertase is advanced by O^Sullivan 
and ToMPSON.* They assume that invertase is decomposed into a homo- 
logous series of seven different invertans, which are distmguished from one 
another by their molecular weights and by their different proportion of 
nitrogen and different optical rotation, a-mvertan is apparently identical 
with the yeast albuminoid, and is insoluble in water ; the enzyme proper is 
ß'invertan, the second in the series. All are complex proteid substances 
emd dextro-rotatory, n-invertan, the last of the series, which contains 1 
part of albuminoid to 18 parts of carbohydrate, is a constant constituent 
of the group. For further particulars reference must be made to the 
original. Their communication also gives a mass of other interesting 
particulars about invertase. 

According to Mülleb-Thxtiigau,' it is no loneer present in completely 
clarified vfine ; any inversion which still occurs then is to be attributed to 
the tartaric acid ; the enzyme can be detected, however, in newer wines. 

The invertase of yeasts and other mould-fungi differs con- 
siderably from that of other plants in many particulars» 
especially in the matter of sensitiveness. 

As regards its occurrence in other cryptogams, it was first 
observed by BiIghamp ^ in motUd-fungi, 

1 Tamman, Z. physicl, Ch,^ zvi. See General Part. 

* A Mayer, loc, cit, 

' MOUer-Thurgau, TkiePa Landw. Jb., 795, 1885. 

* O'Sullivan and Tompson, Joum, Chem. Sac., Ivii., 834, 1890. 
» Müller-Thurgau, loe. dt., 815. 

* Btehampi Comptes Rendu», xlvi., 44, 1858. 
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Invertase was found by Wassebzug ^ in fungi of the genus 
FvMMrium, where it is produced during the formation of conidia; 
it is present, according to Zopf,^ in Leuconoatoc mesenteroides, a 
parasite of beetroot juice, whilst Gaton ^ found it in ÄspergüluSy 
but not in Mticor, 

KossMANN ^ was the first to discover it in many other mould- 
fungi and algse belonging to the cryptogams. Invertase was next 
found by Bourquelot^ in many mould-fungi — e.^.,in ÄspergülvSy 
but not in Polyporus, Fernbach ^ has studied the invertase of 
Aspergillus with reference to its physiological significance. He 
found that it was only present when the mould-fungi began to 
attack their reserve-material — i,e.^ when they had need oi it. In 
order to express its quantity in comparable figures, he has 
devised a " unit." The unit of ^* sucrose'* is the quantity which 
inverts 20 centigrammes of saccharose at ^* C. Aspergillus 
oryzcBy which secretes Taka-diastase, also contains invertase. 
Aspergillus invertase is much less sensitive to the action of 
acids. 

The case of Monüia Candida is interesting. Although it ia 
capable of fermenting cane sugar, no invertase can be obtained 
from it. It thus appeared that there was here the only instance of 
a direct fermentation of cane sugar. E. Eischeb and Lindneb,^ 
however, succeeded in proving that the dried yeast inverts cane 
sugar when its characteristic vital alcohol-producing activity has 
been destroyed by means of toluene, and that the same result is 
obtained in the case of the fresh yeast by rupturing its cella 
with powdered glass. Hence, in the case of Monüia Candida 
also, hydrolysis first occurs, and then alcoholic fermentation, but 
the specific invertase is apparently insoluble in water. Fern- 
bach^ also observed very similar phenomena in the case of 
other mould-fungi. 

Individual bacteria also produce invertase, such as B, mesen- 
tericus vulgatus (Vignal®), B. megaterium (Febmi i^), and certain 
others ; some, however, only in an acid culture medium, others 

• Waeserzug, Ann, Inst, Pasteur ^ i., 525, 1886. 

' Zopf, quoted by Schlesincer, Virch, A., cxxv., 15Ö. 

• Gayon, Comptes Bendwt.haaYi., 62, 1878. 

• Kofismann, Bvll. Soe. Chim,, xxvii., 251, 1877. 

• Bourquelot, loc. cit. 

• Fembach, Ann, Inst, Pasteur, iv., 1, 1890. 

^ E. Fischer and Lindner, Ber, d, d, chem, Oes., xxviii., 3034. Z,physi6C, 
(7Ä.,xxvi., 77, 1898. 
" Fembach, loc. cit, 

• Quoted by Green, Ann, of Bot,, vii., 120. 
w Fermi, C. /. BaH„ xii., 713. 
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in an alkaline one. It also occurs occasionally in the Cholera 

Invertase of Phanerogams. — Higher plants, too, contain 
vavertaae in their living cells. That this enzyme plays a part 
in the economy of plants is manifest from the fact that they 
form cane sugar in their sap and utilise it, whilst, on the other 
hand, the cane sugar must he inverted before the assimilation» 
which cannot be effected by the acids of the plants alone.^ It 
was found in malt extract by Brown and Heron,* in leaves by 
KossMANN,* and in pollen-grains by van Tieghem.^ 

O'SuLLiVAN^ then detected irvoertaae in the organs of the 
gramineae in the same way in which its presence was demon- 
strated in living yeast cells. He treated the roots, stalks, and 
leaves of wheat, peas, and maize, at about ^O"* C, with a solution 
of cane sugar saturated with chloroform. It was possible to 
detect and measure the decomposition which occurred in this 
process. 

Animal Invertase. — In the animal organism, invertase occurs 
in the intestinal secretion, the inverting capacity of which was 
discovered by Claude Bernard.^ It has since then been 
frequently further investigated (Röhmann,» v. Merino,® 
Grünert,*® Miura," Krüger ") ; it is also found in still-bom 
»nimals, and is hence not absolutely dependent on the intro- 
duction with food (Miura ") ; it is absent from the intestine of 
the ox (Emil Fischer and Niebbl "). In the upper part of the 
intestine it is found more than in the lower (Röhmann, foe. 

On the other hand, it is not present in the pancreas and saliva 
(v. Mbring,' Brown and Heron "), but occurs in the saliva of 
bees (Erlenmeyer ''). It is also wanting in blood, since cane 

1 Fermi and Montisano, C./. Bakt. (11.), i., 482, 642, 1895. 

^ Wortmann, Biolog, CerUrcUhL, iii., 263. 

* Brown and Heron, Joum, Chem, Soc., xxxv., 609, 1879. 

^ Kossmann, Comptes Rendus, bcxzi., 406. 

^ van Tieghem, BvIL Soc, Bot. d. France, xxxiii., 216, 1886. 

« O'Sullivan, Proc. CJiem. Soc., xvi., 61. Chem. Centralbl., i., 773, 1900. 

7 Claude Bernard, Lee, sur le DiahUe, Paris, 259, 1887. 

^ Rohnuum, Pfliig, A.^ xli., 432 (gives the older literature). See also 
KBbner, Z, /. Bid,, xxxiii., 404, 1896. 

» v. Mering, Z, physiol, Ch,, v., 192. 
^^ Griinert, C./. Phya,, v., 285. 
" Miura, Z.f. Biol., xxxii., 277. 
12 Kriicer, Z,/, Biol,, xxxvü., 229, 1899. 
" Fischer and Niehel, Sit2b. Berl. Acad., v., 1896, Reprint. 
^* Brown and Heron, Liebig'a Ann., cciv., 288. 
1« Erlenmeyer, Munch. Acad, SUzb., Math. Phys, CI,, 205, 1874. 
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Sugar when injected into a vein appears unaltered in the urine 
(Cl. Bebnard)^ 

Renzi,^ however, found that, after extirpation of the salivary glands, 
the limit of the assimilation of cane sugar was lowered — a fact which 
urgently requires explanation. 

Robertson ' discovered invertase in nearly every organ. 

According to Nasse,^ the action of the invertase is influenced 
by oxygen and carbon monoxide, though, according to Febmi 
and Feenossi,^ hydrogen sulphide has no effect upon it. It is 
extremely sensitive towards acids and alkalies — t,e., at higher 
temperatures. It is also rapidly destroyed at 75^ C. in the 
absence of acids.® Neutral salts differ extraordinarily in their 
behaviour towards it, ammonium salts having a very pronounced 
stimulating effect, potassium chloride a strong restrictive in- 
fluence, &c^ Alcohol is slightly injurious, whilst tartaric add 
has a favourable action.^ 

Trehalase. — An enzyme which decomposes trehalosey a di- 
saccharide occurring in mould-fungi and a kind of manna 
(trehala) into two molecules of glucose, was discovered by 
BouRQüELOT^ in Aspergillus and other moulds, and also in 
green malt. He named it trehalase. 

K Fischer -^ found it in green malt diastase^ and also, to a 
very trifling extent, in yeasts of the Frohberg type, whence, of 
course, it does not pass into the aqueous extract. It was found 
in several other yeasts by Annusch Kalanthar." Bau *^ proved 
that the different yeasts varied so irregularly in regard to 
the trehalase they contained that it was impossible to classify 
them on that basis. 

Bourquelot (loc. cit.) obtained it from the aqueous extract by 
precipitation with alcohol. Very dilute acids further its action 
somewhat, but it is weakened by even slight quantities. 

Its limit of activity is 64" 0., by means of which Bourquelot** 

^ Cl. Bernard, quoted by Schützenberger, loc. cit., 259. 
2 Renzi, Berl, klin, WocK, No. 23, 1S92. 

' Robertson, Edinburgh Med, Joum,, 1894, quoted by Edmunds, Joum. 
cf Phyaiol,, xix., 466, 1895. 

* Nasse, Pßikf, u4., xv., 471. 

* Fermi and remossi, Z. /. Hygiene, xviii., 83. 

^ See, inter cUios, Green, Annale of Botany, vii., 92. 

7 Nasae, Pßäg. A,, xv., 471. 

« Müller-Thursnu, Thiel's Landwirthsch. Jahrb., 795, 1885. 

* Bourquelot, BuU. Soc Myeol d. France, ix., 64, 189, 1892, Reprint. 
^ E. Fischer, Z, physiol, CK, xxvL, 79, 1898. 

" Kalanthar, Z. physiol, Ch., xxvi., 97, 1898. 

^ Bau, Z./. 8pirü. Ind., 232, 1899, through Chem. Centralbl. 

u Bourquelot, C. B. de la Soc. Biol, 425, 1893. 
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was able to separate it from maltase, which withstands a some^ 
what higher temperature. 

Its existence cannot be demonstrated with absolute certainty, 
although the significant structural difference of maltose and 
trehalose renders conceivable the assumption that trehalase is 
only a modification of maltase (E. Fischer, loc. dt,, 81). 

BouBQUELOT and Gley^ bring forward, in support of the 
specific nature of trehalase, the fact that blood serum which con- 
tains maltase does not attack trehalose. 

There is as little proof of the specific character of the enzyme 
which converts melicitose into turanose and glucose (Boubquelot 
and Ht:BissEY ^), They discovered it in Aspergillus mger. 

Melibisise. — A characteristic disaccharide, mdibiose, can be 
formed from melitriose or raffinose by the action of invertase, and 
this, on further decomposition, is split up into d-gaktctose and 
d-glucose in an analogous manner to lactose. 

This decomposition is also effected by an enzyme which is 
present in some bottom-fermentation yeasts, but is absent from all 
top-fermentation yeasts. It acts both in the fresh and dried 
yeast, but only passes to a slight extent into an aqueous extract 
(E. Fischer and Lindner 3). Bauer ^ has given the name of 
melibiase to this enzyme. E. Fischer,^ however, inclines to the 
view that melibiase is a somewhat aberrant maltase. Invertase 
does not act upon melibiose. The adaptation of yeasts to 
melibiose and the production of melibiase which results from it 
have been investigated by Dienert.® 

Lactase is, in like manner, an enzyme with a specific action, 
which confines its activity exclusively to milk sugar (lactose)^ 
and decomposes this disaccharide into d-glucose and d-galac- 
tose. 

Its presence in milk-sugar yeasts (S. kefir and S, tyrocola) was 
first inferred by Beyerince,^ who gave it its name and then 
endeavoured to prove its existence by the fact that phospho- 
rescent bacteria were only able to develop their activity on 
lactose culture-media when a certain amount of cultivations of 
the above-mentioned yeasts had been added to these culture- 
media. Some glucose, a food suited to these bacteria, was then 
formed (atuxxmographic method, vide supra). The value of these 

1 Bourquelot and Gley, C. R. Soc. Biol, xlvii., 515, 1895. 
' Bourquelot and H^ssey, Comptes Rendua, ozxv., 116, 1897. 

* £. Fischer and Lindner, Ber. d. d. chem, Oea., zxviii., 3034, 1895. 
^ Bauer, Chemikerzeitung, 1873, 1895. 

» E. Fischer, Z. physiol. Ch., xxvi, 81, 1890. 

* Dienert, Comptes Rendus, cxxix., 63, 1899. 

y Beyerinck, Centralhl.f. BakierioL, vi., 44, 1889. 
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experiments as a proof was, however, questioned by Stekhoten.^ 
Emil Fischeb ^ was the first to demonstrate its existence hy 
proving the decomposition bj means of the formation of glucoaa* 
zone. He was able to prepare it from kephir granules by 
extraction with water and precipitation with alcohol, though, of 
course, in a condition not free from invertase. Although pure 
cultivations of milk sugar yeasts yielded but little enzyme 
soluble in water, the yeasts themselves energetically hydrolysed 
milk sugar in the presence of toluene, and thus behaved in a 
similar manner to MonUia Candida in the case of invertcue (q.v.). 
Dienert^ has recently obtained lactase by triturating with 
distilled water yeasts which he had adapted to the fermentation 
of lactone. 

Maltase and lactase appear to belong to distinct kinds of 
yeast, since they have never been associated in the same yeast 
(E. Fischer^). Moreover, no lactose was found by Bourquelot 
and H6RISSEY ^ in mould-fungi which contained maltase. Lactase 
appears to be much more closely allied to ferments of the emiUsin 
type {vide infra) than to other yeast enzymes of the tnatase 
type, since emulsin also decomposes lactose, whilst maltase does 
not. 

On the other hand, Laborde^ has described in Eurotiopsis 
Oayoni a mould which attacks both maltose and lactose^ and thus 
appears to produce lactase also. 

Nageli ^ has also ascribed to bacteria the power of secreting a 
ferment which decomposes lactose. 

No lactase was found by Pregl ^ in the intestinal secretion. 

The same result was obtained by Pantz and Yogel,^ and 
Dastre,^ who were unable to discover lactase either in the 
pancreas or in the liver and intestinal secretion. On the other 
hand, Rohmann and Lappe ^^ found lactase in the intestine of the 
calf and dog, but not in that of the ox. 

Portier ^^ confirmed and extended Eöhmann's results; the 

1 Stekhoven, ouoted by Fischer. See next reference. 
> E. Fischer, Z» pkyaiol, Ch., xxvi., 81. 
' Dienert, Comptea ßenduSf cxxix., 63, 1899. 

* Bourauelot and H^issey, Comptes RenduSy 693, 1895 ; Btdl, 8oc, Mycol,, 
x.,235. Reprint. 
" Laborde, Ann, Inst, Pasteur, xi., 1, 1897. 
« NägeU, Die niederen Pilze, 12, 1882. 



7 Pr^, Pflüg, A., bri., : 
» Pantz and Vogel, Z./ 
* Dastre, Archives d. Physiol., 103, 1890. 



» Pantz and Vogel, Z.f. Biol,, xxxii., 304, 189Ö. 



^^ Rohmann and Lappe, Ber, d. d. chem. Oes,, xzviii , 2506, 1896. 
" Portier, O, B. 8oc, Biol., 387, 1898. 
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pancreas^ aooording to him, never contains lactaee ; he found it^ 
howevery in the intestine of young animals, and to a less extent 
in that oifvU-grown animals ; in the case of old animals it was 
wanting, and also in birds. On the other hand, Wbinland ^ was 
able to detect it in ih» pancreas of the dog, especially after a milk 
diet. 

^ Weinland, Z,/. Bid., xxxviii., 606 ; Chem. Centralbl,, 1, 1002, 1899. 



Digitized by 



Googk 



207 



CHAPTER XVIII. 

FERMENTS WHICH DECOMPOSE GLÜCOSIDES. 

If we take a comprehensive view of the various facts described 
in the preceding pages, we find that yeasts of the ordinary type 
undoubtedly contain, in addition to diastatic ferments, two kinds 
of enzymes, of which one variety, maltose and its relations, 
decomposes maltose and disaccharides of similar configuration, 
whilst tnvertase decomposes cane sugar and raffinose. 

Possibly in addition to these there is a third independent 
variety — trehodase. In milk-sugar yeasts Uictase, which has a 
totally different action, is found instead of maltose, but has 
unfortunately been but little investigated in a condition free 
from the influence of other enzymes. 

Emil Fischer ^ attributes the specific activity of enzymes to 
stereo-chemical conditions, assuming that not only differences of 
structure, but also differences of configuration form the basis on 
which the specific activity of the enzymes depends. Of special 
significance for this point of view are his investigations on the 
action of enzymes on glucosides, not only on those which occur 
naturally, but also, in particular, on the simple glucosides syn- 
thetically prepared by him. 

By the condensation of simple hexoses (glucose, mannose, 
sorbose, fructose, &q.) with alcohols, especially methyl alcohol, 
under the influence of hydrochloric acid, he succeeded in pre- 
paring artificially, e,g., methyl glucosides of these sugars. In this 
condensation two etereo-isomers are invariably formed, which 
Fischer distinguishes as a- and /9-glucosides — e.g,, o-methyl- 
mannoside and j8-methylmannoside from c^mannose, &c. If 
now the behaviour of these simple glucosides towards yeast 
enzymes be tried, it will be found that the a-m^ificcUion alone 
is decomposed into the original sugar, whilst the ß-modification 
absolutely resists the action of the yeast enzyme. 

From this it follows with certainty that the action of enzymes 
depends upon differences in the stereo-chemical structure of the 

^ E. Fischer, Z, physiol. Oh., xzvi., 61. 
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glucosides. This receives further support from the fact that the 
glucosides of nonfermentahle sugars — i.e., of all t\iQ pentoses and 
heptoseSj as also of the whole of the Irsugars {e.g., ^glucose) — 
resist the action of yeast enzymes. 

But whilst these partially structurally and partially stereo- 
chemically different glucosides are absolutely unatt€icked by any 
known enzymes whatever, the ß-gliccosides of fermentable sugars, 
which resist the action of yeast^enzymes, possess the property of 
being decomposed into their components by another ferment — 
viz., emtdsinj which we shall subsequently discuss more fully. 
The ß-glucosides share this property with a large number of 
naturally-occurring glucosides. 

Now, of all these glucosides, only one, so far as is known, is 
attacked by yeast enzymes — viz., the amygdalin of bitter almonds. 
Ämygdalin is decomposed by emvlsin into henzaldehyde, hydro- 
cyanic acidf and grape sugar. On the other hand, an infusion of 
yeast only splits off one molecule of grape sugar^ whilst the 
remainder of the glucoside now consists of a characteristic sub- 
stance, almond nitrile glucoside,^ which resists tli3 action of yeast 
enzymes, but is decomposed further by emulsin into benzaldehyde, 
hydrocyanic acid, and grape sugar. All the rest of the naturally- 
occurring glucosides, however, are absolutely unaffected by yeast 
enzymes, although they are partially decomposed by emvlsin. 
In this respect they thus completely correspond with Fischer's 
ß-glucosides. 

By yeast enzymes, we understand here mainly maltose and 
invertase; trehalose has not been sufficiently examined, though 
it is natural to regard it as related to the yeast enzymes 
mentioned above, since trehalose is not changed by emvlsin 

(BOURQUELOT 2). 

We see, then, that for the complicated derivatives of the 
fiugars there are two series of ferments completely differing in 
their activity, the differences of which rest upon a stereo-chemical 
basis ; their activity is most easily determined on the two 
stereoisomeric series of cl- and jS-glucosides. I should like, 
therefore, to adopt the plan of simply distinguishing the two 
series as a- and )3-ferment8. We should then have the following 
groups : — 

1. a-Ferments — 

Invertase. 

Maltases (including mdibias^. 

Trehalase (?). 

1 E. Fischer, Ber. d. d. cheni. Oes., zzviii., 1508, 1805. 
' Bourquelot, Bull. 8oe. Mycolog., iz., 180, Reprint 
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2. ß'Fermenta— 

Emulsin. 
Lactase (?). 

Naturally, the remainder of the ferments which decompose 
glucosides are to he classified with emuUin. 

Emnlsin. — This enzyme, formerly known also as synaptaat, 
decomposes the glucoside amygdalir^ found in almond kernels, 
into grape stigar, benzaldehyde, and hydrocyanic add, 

AmygddLin was discovered and prepared in 1830 hy Eobiquet 
and Boutron-Charlard. ^ They also described the property 
possessed by bitter almonds of liberating hydrocyanic acid and a 
Bubstance with an aromatic odour on contact with water. 

LlEBiG and Wöhler^ then (1837) thoroughly investigated 
aniygdalin, and gave to the substcuice resembling albumin^ 
which effects its decomposition into grape sugar, benzaldehyde, 
and hydrocyanic acid, the name emulsin. 

RoBiQUET 3 afterwards described a non-coagulating substance 
precipitated by tannin as the active principle, which he termed 
aynapiaee, 

Occorrence of Emulsin. — ^Emulsin, which Liebig and Wöhler 
were only able to discover in almonds, is widely distributed 
both throughout higher plants and among the cryptogams ; the 
emulsins of these different groups of plants, however, appear to 
be different (H^risset *), 

In phanerogams, in addition to its occurrence in almonds, 
emuUin is found above all in the leaves of Laurocerasus and in 
the seeds of various Eosacece (Lütz^). In these plants occur 
glucosides resembling amygdalin — 6.^., laurocerasin (to mention 
one of many), which are decomposed in an analogous manner by 
the emulsin simultaneously present in the plants. Emulsin also 
decomposes other glucosides — e.^., arhutin, salidn, coni/ervn, 
poptUin {vide infra). According to Poleck,^ ScKUichera trijuga^ 
from which is obtained macassar oil, which contains hydrocyanic 
ucid, also produces hydrocyanic acid and benzaldehyde. Aioiyg- 
dalin also decomposes the extracts of numerous plants 

^ Kobiquet and Boutron-Charlard, Ann. Chim. Phya. (2), xUv., 352, 
1830. 

'Liebig and Wohler, Ann» d. Pharm., xxii., 1, 1837. Poggendorfs 
Ann., xli., 345. 

»Robiqnet, Joum. d. PTiarm. et Chim., xxiv., 196, 1838. 

^ H^rissey, Becherches sur FEmvlsine, Paris, 6, 1899. 

" Lutz, Stiü. Soc. Botan. d. France, xUv., 26, 263, 1897. Quoted by 
HdriflBey, loc. cit. 

• Poleck, Pharmac. Ztg., 314, 1891. 
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Manotropay Polygala (Boürqüelot ^), IsaHs alpina (BsiAüDAT^), 
and a very large number of others, including Mahu communis, 
Hedera Mix, <fcc. /Härissey *). Many other plants yield, on 
distillation with water ordy^ hydrocyanic acid, which appears to 
be formed by decomposition from glucosides (Jobissen^) — e,g., 
Äquilegia vtdgaris, JRibes aureum, and Manihot tetUianma 
(Ppevfeb ^). 

In linseed, Josissen and Hairs* have discovered a s|>ecial glnoomde, 
which thejT name linamann. It is decomposed by a special emulsin into 
hydrocyanic acid« a fermentable su^etr, ana a body of a ketonic diaracter. 
The emukiu of almonds luks no action upon this slucoside, although, con- 
versely, an extract of linseed decomposes amygdalin (?). (H^rissey, loc. 
cU., 26.) 

In cryptogams, emulsin was discovered by Boübquslot,^ 
who found it in Aspergillus niger. Simultaneously it was found 
by Gebabd 8 in PeniciUium gtaticii/m. Boubqublot® was able to 
detect it in many moulds, notably those grotving on wood; the 
investigation was subsequently continued by H6risset.'^ 
Nearly all the parasitic moulds of the most widely different 
species examined decomposed amygdalin. 

SUsbissey also found it in mosses.^ 

Bacteria, too, are stated to contain ferments resembling emul- 
sin ; they decompose amygdalin with the formation of henzald^ 
hydSf though glucose cannot be detected (G6rard,^^ Fermi and 

MONTISANO "). 

Ferments of the nature of emulsin also appear to occur in the 
animal kingdom. 

According to Mobigoia and Ossi ^* amygdalin has a toxic 
action, they account for this by the assumption that a fermenta- 
tive decomposition occurs in the intestinal canal; Fubini^ 
confirmed their assertion. 

* Boorquelot, Joum. d. Pharm, et Chim. (Ö), xxx., 433, 1894. 
« Bi^udat, BtUl. Soc. Biol, (10), v., 1031, 1898. 

> H^rissey, loc oU,, 22, et seq. 

^ Jorissen, Joum, d. Pharm, d^Anvera^ 23, 1894. 

5 Pfeffer, Pflanzenphysiologie, Leipzig, 307, 1881. 

* Jorissen and Hairs, BuU, Acad, Belg, [9], xzi., 518, 1891. 

7 Bourquelot, C, R, Soc, Biol, 653, 804, 1893. 

8 Gerard, ibid,, 651, 1893. 

* Bourquelot, ßuU, Soc, Mycd,, x., 49, 1894, Reprint. 
1* H^rissey, loc cU,, S, et seq, 

n H^rißsey, C, B, Soc, Biol., 632, 1898. Bull. Soc. Mycol., xv., Re- 
print. 
"GArard, Joum, Pharm, et Chim. [6], iii., 233, 1896. 
"Fermi and Montisano, Apothekerzeiig., ix., 583, 1894. 
^^Moriggia and Ossi, Aiti Accad. Lincei., 1875. 
"Pubini, Arch, Ital, d, Biol., xiv., 436, 1891. 
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GERARD ^ found an emulsin in the iniestinal secretion of a 
rabbit which he had fed for Beveral days with salioin, whilst the 
pancreas contained no emulsin. 

In Cephalopoda Bourqüelot ^ was unable to find any emulsin, 
nor ooald he confirm the statement of Staedeler ^ that saliva 
diastase decomposed salicin. He concluded rather that aa 
eventual decomposition of the salicin in the saliva was due to 
micro-organisms. The same explanation applies to the action of 
saliva diastase on amygdalin^ as observed by Boüoarel.^ 

Mode of Occurrence of Emulsin in Plants. — The relation of 
amygdalin and emuUin to the tissues of the plants which pro- 
duce them has frequently been studied. In the first place we 
must conclude that they are separate, since almonds do not 
show any liberation of hydrocyanic acid until mixed with water. 

Thoh:^^ came to the conclusion that emulsin is only present in bitter 
almonds, but that amygdalin also occurs in sweet almonds. Pfeffer* 
located the emulsin in the protoplasm of the ceUs, whilst the amygdalin, 
in his opinion, was contained in the liquid of the cell. Pobtes^ discovered 
emulsin in the embryo of the seed, and amygdalin in the cotyledon. 
JoHAKSKN^ found emvlsin in all the vascular tissue, including that of 
sweet almonds ; the embryo itself does not contain amygdalin, but ovly 
emulsin. 

Subsequently Guignard ' made comprehensive investigations 
on the occurrence of emulsin. 

With the aid of a colour reaction — viz., the orange-red colour 
given with Millon's reagent—he was able to identify emulsin 
micro-chemically. Thus, he obtained this reaction with the 
leaves of LaurocerasuSy but not with the otherwise very similar 
leaves of Cerasus liLsitanicus, 

He found the emulsin to be located, in anatomically well- 
defined places in the leaves and seeds ; in fact, in distinct groups 
of cells, which he was able to isolate, and which yielded the 
active ferment. 

1 Gerard, Joum, d. Pharm, et Chim. [6], iii., 233, 1896; C. i?. Soc, Bid,, 
xlviii., 44, 1896. 

"Bourquelot, Digestion chez Us Mollusques, These. Paris, 47, quoted by 
H^rissey. loc, cit, 

'Staedeler, Joum, de Ch., Ixxii., 250, 1857. 

^Bougarel, De VArnggdaline, Thbse de Pharm., Paris, 1877, quoted by 
Hdrissey, loc. dt, 

«Thomö, Botan. Ztg,, 240, 1865. 

•Pfeffer, Pflamenphysiol., i., 307. 

^Portes, Joum, d. Pharm, et Chim.j xxvi., 410, 1877. 

•Johansen, AnncU. d. Sciences Naturelles, Botanique [7], vi., 118, 1887. 

•Guignard, Journal de Botan. y iv., 3, 19, 1890; J, d. Pharm, et Chim, 
[6],xxi.,233, 1890. 
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Conditions of the Fonnation of Emnlsin. — In the case of the 
seeds of Ceraaua avium, H^risbet ^ has shown that emulsin is 
produced hefore amjgdalin. 

Heriflsej {loc, ciL, 33) has also investigated the conditions 
of the fonnation of emulsin in Aspergillus niger. His principal 
results are that the quantities of emulsin fluctuate, becoming 
less the nearer the mould approaches the production of fruit; 
and also that the ferment disappears when an excess of food is 
given, though it re-appears again when the mould is starved. 

It may he mentioned, in passing, that, according to the results of 
PuRiKWiTSCH,^ living mould-fungi decompose helicin in addition to other 
glucosides, but are then destroyed by the salicylic aldehyde produced ; 
the decomposition of amygcUUiny however, when the vital activity of moulds 
has not been crippled by chloroform^ follows a different course, no hydro- 
cyanic acid, ammonia, and benzoic acid being produced. 

The decomposition of amygdcUtn by bacteria has been investi- 
gated by Fermi and Moktisano,' inter alios. They found that 
this power was possessed by different species, though sugar 
could never be detected among the decomposition-products. 
Moreover, the bacteria did not decompose the amygdalin when 
sugar was at their disposal in the nutrient culture-medium. 
We have^ thus, in these results an example of the fact that 
enzymes are very frequently only produced when the decomposi- 
tion of the material is of physiological importance to the 
organism causing the fermentation. 

Preparation and Properties of Emulsin. — Emulsin is not known 
in the pure condition. 

RoBiQüST * obtained his synaptase from the expressed juice of almonds 
by precipitation of the mixed proteids with acetic acid, and subsequent 
precipitations with lead acetate, and finally with alcohol. 

Thomson and Richardson ^ extracted the fatty substances with ether 
and precipitated the residual liquid with alcohol. 

Ortloff • allowed the fats to become rancid, filtered, precipitated with 
alcohol, dissolved the precipitate in water, and re-precipitated it. A 
similar method was tried by Buckland W. Bull.' Schmidt* found that 
eolutions of emulsin were not rendered turbid by acetic acid and potassium 
ferrocyanide, and saw in this a means of separating emulsin from the 

^H^rissey, loc, cit,, 83. 

»Puriewitsch, Ber. d, d. botan. Ges., xvi., 368, 1898; Bull. Soc, Biol. 
[10]. iv., 686, 1897. 

' Kermi and Montisano, Apoth,-Ztg,, 583, 1894. 

* Kohiquet, J, de Pharm, et Chim., xxiv., 336, 1838. 

B Thomson and Richardson, Ann. d, Pharm., xxix., 180, 1839. 

* Ortloff, Arch. d. Pharmac, xlviii., 12, 1846. Gives the older literature 
on bitter almonds and their poisonous properties. 

7 Bull, Ann. Chem. Pharm., Ixix., 146, 1849. 

* Schmidt, Dissert., Tübingen, 1871. 
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Proteids present as impurities. He then obtained the ferment in the form 
of a white powder by precipitation with alcohol. 

Herissey' extracted finely-pulverised almonds with chloro- 
form-water, removed proteid impurities by the addition of a 
little glacial acetic acid, and precipitated the ferment with 
alcohol. 

He thus obtained the emtUsin in the form of a white ponder 
soluble in water. It g^ve all the ordinary proteid reactions and 
was IsBvorotatory. 

Analyses have been published by Ortloff, bv Bull, and by Schmidt, but 
do not agree with each other. Schmidt found — 

C, 48-76. N, 1416. 

H, 715. S, 1-25. 

It thus, doubtless, still contains proteids in these preparations, 
and also probably an araban (1), which, on treatment with sul- 
phuric acid, yields arabinose, in which respect it resembles 
diastase (q.v,). It passes through a porcelain filter, though the 
enzyme of AapergUhia is better in this respect than that of 
almonds. 

It gives with Millon's reagent a reddish-orange colour, and with orcin 
and hvdrochloric acid a violet coloration. The latter reaction is also 
given by diastase, but not by pepsin and trypsin (Guiokabd ''^). 

H£:rissry was unable to separate the emulsin of the Asper- 
gilltia from the other enzymes of the mould. 

Beactions caused by Emulsin. — Emulsin causes the following 
decompositions, water being absorbed in the process : — 

Amygdalin into 

2 molecules of glucose, hydrocyanic acid, and benzaldehyde, 

CgoHjyNOii = 2 CgHiaOg + HON + CeH^.CHO. 

Almond nitrile glucoside, which is formed from amygdalin by 
the action of yeast enzymes,' into 1 molecule of glucose, hydro- 
cyanic acid, and benzaldehyde. 

The ArbuHn^ of the Frtcacece into I molecule of glucose + 
hydroquinone, 

CiaHieOy = O^Ii^fi^ + CeH,(OH)j. 

The Coni/erin of CanifercB into 1 molecule of glucose and 
Coni/eryl alcohol, 

^ H^rifisey, loc. cit,, 44, et seq. 

^ Guignard, Journal de Botan,, iv., 3, 19, 1890. 

' E. Fischer, Ber, d, d, chem, Oes.^ xxviii., 1508, 1895. 

* Kawalier, /. pract, Ch,, Iviii., 193, 1853. 
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GhicovaniUin into glucose and vanillin, 

.OHO 
Ci^H^gOa - O^Hi A + CeH3^0CH3 

OH 

and, in an analogous manner, glucovanillic acid into vanillic 
acid. 

The Salicin of varieties o/Pojmlus into saligenin (PiRiA *), 

^18^18^7 = ^6^12^6 + ^e^i^cH . OH 

and, in an analogous manner, its oxidation product helidn into 
salicylic aldehyde. 

In addition to these, it converts daphnin into daphnetin^ 
cBSCulin into (sscvhtiriy picein into piceol, and, in each case, glucose. 

According to HisaissET, the emulsin of almonds also decomposes the 
gentiopicrin from OeiUtarui lutea, as well as syringin and phyllirin^ and acts 
veiy feebly upon ononin and Tiellehore'in (£. Fischeb ^). On the other hand, 
it is without action upon cydamin, apiin, and convallarin. But, although 
these are also not attacked by aspergillus emidsin, the latter decomposes 
the glucosides ononin and hellehorein^ which are only slightly attacked by 
almond emtUainy and also popvlin and pTUoridzin, upon which almond 
emuhin has no action (Heirissey '). 

Both are without influence upon solanin, hesperidin, amvallamarin, 
convolviUin, digitcUin (crystalline), hederin, and quercitrin. Emulsin does 
fiot act upon monobutyrin, and thus differs from lipase (G&r^kd *). 

Theoretically, it is particularly interesting that emulsin de- 
composes the jS-glucosides of fermentable sugars which cannot 
be attacked by inaltase, &c., but does not act upon the oB-gluco- 
sides, which can be decomposed by yeast infusion; and from 
this E. Fischer has drawn his theoretical deductions given 
above as to the relationship between the stereo-chemical struc- 
ture and the action of the enzyme. This observation acquires 
additional importance from the fact that emulsin also decomposes 
lactose into glucose and galactose, and thus acts in an analogous 
manner to lactase. This fact gives us a certain right to assume 
that there are analogies in the configuration of lactose and that 
of the /^-glucosides. This assumption, however, has a weak 
spot. For, although H^rissey has confirmed the decomposition 
of lactose by almond emulsin, he has been absolutely unable to effect 
any decomposition by means of aspergillus emidsin. 

1 Piria, Ann, Chem, Physiol. [3], xiv., 257, 1845. 

2 E. Fischer, Z, pliyaiol, Ch,, xxvi., 70, 1898. 

' Hörissey, loc, cit. , 57 et aeq, Gf, Bourquelot and H^rissey, BviU., Soc, 
Mycol,, xi., 199, 235, 1895 ; id., Joum. d. Pharm, et Chim, [6], ii., 435, 
1895. HGrissey, BuU. Soc. Biolog., 640, 1896. 

* Görard, Comptes Rendus, cxxiv., 370, 1895. 
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If, then, granting that this Observation is correct, we are un- 
willing to conclude that a lactase is also present in almond 
«rMjUsirij it follows that we have here certain differences between 
the two emrdsina, 

H^rissey claims to have also discovered differences in the 
velocity of their action, particularly on arhuHn, 

The optimum for the action of emulsin varies from 45^ to 50* 
€.,^ whilst the temperature at which it is destroyed is about 70* 
O. (HtRissET). In a dry condition it can be heated for an 
hour at 100** C. without being destroyed (Bull, loc. cU,). 

It is destroyed by alkalies, but only rendered inactive by 
hydrochloric add and other mineral acids'; acetic acid and 
formic acid have no effect upon it (Bouchardat '). 

As regards the action of neutral salts, including those of the 
heavy metals, only a few — ä^., ammonium carbonate and copper 
sulphate — ^retard the action. 

In glycerin, amygdalin and emulsin do not act upon one 
another (Schmidt^). 

The action of other ferments upon emulsin is uncertain; 
trypsin, however, is without influence. In the gastric juice it is 
at first inactive, since on introducing amygdalin and emulsin 
into the stomach simultaneously the animal dies of hydrocyanic 
acid poisoning (Claude Bernard "). 

Chloroform, ether, thymol, &c,, have no action upon it, nor has 
hydrocyanic acid. 

From the fact that it is also unaffected by chlortU, Boüoabel' attempts 
to draw the conclusion that emulsin is not a proteid, since chloral forms 
solid compounds with proteids. 

According to Hi:RissEY {loc, dt,, 81), emulsin is precipi- 
tated by tannin, but the precipitate still remains active. 

Gaultherase. — An enzyme which has a specific action upon 
the glucoside of the methyl ester of salicylic add has been found in 
several plants in which that glucoside occurs. 

It was first discovered by Procter.^ 

It was then found by Schneegans » in species ofBetvla, and 
named hettdase. Bourquelot® found it in Betula, Spirasa 

^ Tamman, Z, physiol, Ch,, xvL, 271, 1892. 

^Jacobson, Z. physiol. Ch.f zvi., 1892. 

'Bouchardat, Comptes Rendus, zx., 111., 1845. 

4 Schmidt, Diss. Tub., 1871. 

" CI. Bernard, Leq, pathoi, Exp6r,, Paris, 75, 1890. 

• Quoted by H^rissey, loe, eit, 

7 Procter, Amer. Joum, Pharm,, xv., 241 ; quoted by Bourqelot» loc, cit, 

^ Schneegans, Joum. d. Pharm, von Ma.-Lothr., 17, 1896. 

^ Bourquelot, Joum. d. Pharm, Chwn,, 1896 (June), Reprint. 
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ülmaria, and S. ßapendula, in Monotropa hypapUys, &c,y and also 
in Gaultheria procumhens. Since the glucoside was first dis- 
covered in GavXtheria and named gaultherin (Schneeoaks and 
Gebogk ^), Bourquelot gave the name gaultherase to the corre- 
sponding enzyme. It does not act upon aalicin and amygdalin, 
and in this respect differs from emiUsin. Beybrinck ' has con- 
firmed these statements, and described a method of obtaining an 
active preparation of gaultherase by extraction with water and 
precipitation with alcohol. 

Myrosin. — The characteristic pungent-smelling and tasting 
principle of many CrucifercB, notably of black mttstard seed, has 
from an early period attracted the attention of the investigator. 
As we gather from an interesting historical survey by Spat- 
ziER,' the active principle, the mvstard oil, was probably known 
to liEFl^RE in the year 1660, and was certainly known to 
BoERHAYE in 1775. Thibieroe^ was the first to separate the 
mustard oil from the juice by distillation and to discover the 
presence of sulphur in it, and Thomson' continued and ex- 
tended his researches. An important adYance towards the 
discovery of the process was made by Boütron-Charlard and 
BouBiQOET* and by Faure, ^ who made the discovery that the 
mustard oil did not exist ready-formed in the seeds, but was 
first produced on contact with water. The peculiar active 
principle in this decomposition was subsequently indicated by 
Bouteon-Charlabd and FrIimy.® 

The actual discovery, however, of myrosin must be attributed 
to BuBSY.' He was äie first to distinguish in the emulsion of 
mustard-seed the active principle, the ferment myrosin, from the 
glucoside undergoing decomposition, potassium myronate. He 
pointed out its relationship to the similar emtdsin, but did not 
fail to recognise the difierences in their specific action. 

Potassium myronate was then further examined by Ludwio 
and Langb,'^ and a formula, which, of course, was not quite 
correct, assigned to it. For the full explanation of the chemistry 

^ Schneegans and Gerock, Archiv, d. Pharmade, vol. ocliL, 437« 1894. 
«Beyerinck, C,f. BaJct. [H.], v.. 425, 1899. 

'Spatzier, Pringtiheim^B Jahrb, f. loisaensch, Botanik., xxv., 93, 1893. 
«Thihierge, Journal de Pharmacie, v., 439, 1819. 
'Thomson, »&td., 448. 

* Bontron-Charlard and Robiquet, Joum, d. Pharm,, xvii., 279. 
^Fanr^, f&ui., 299. 

® BontTon-Charlard and Fr^my, Lieb, Ann, xxxiv., 2.30, 1840. 
'BuBsy, JAebi^s Awn, d, Chem, u. Pharm,, xxxiv., 223, 1840. 
10 Ludwig and Lange, Zeitach. /. Pharm., iii., 430, 577, quoted by WiU 
and Komer (see Note 1, next page). 
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of the process we are indebted to Will and Köbnkb.^ Accord- 
ing to them, the glucoside, potassium myronate, is decomposed 
nnder the influence of myrosin into grape sugar, potassium 
bisulphate, and allj/l muitard oil, as in the equation 

CjoHjgKSjOio = ^6^12^6 + KHSO^ + CjHßN = C = S. 

Thus it does not follow from this equation that the elements 
of water enter into the process ; and we should not, according 
to this, be justified in describing the process as simply a hydro- 
lytic one. Nevertheless, myrosin is, as a rule, grouped with the 
hydrolytic ferments, inasmuch as the process takes place exclu- 
sively in an aqueous solution, and doubtless involves an 
intermediate absorption of the elements of water. 

The ferment, which appears to be the same wherever it is 
found in CructfercR (Smith ^), has not been isolated in even an 
approximately pure condition,^ but shows, without exception^ 
the ordinary reactions of ferments. The colour reactions, by 
the aid of which attempts have been made to detect it in plants 
{vide infra), can scarcely be attributed to the ferment itself, but 
are due to the constant presence of other substances, especially 
Proteids. The conditions of its activity are also completely 
analogous to those of other ferments. According to Smith,^ 
however, it is active even at 0* C. 

Occurrence of the Ferment. — As soon as the presence of 
mustard oil in hlack mustard seed {Sinapis nigra) had been, 
discovered, similar oils containing sulphur were looked for in 
other plants, without any attention being paid as to the mode 
of their formation. 

Thus, mustard oU was discovered in horse-radish oil by Hübatka,' and 
in the roots of cUliaria by Wertheim,* and a product diflering somewhat 
from allyl mustard oil in CochUaria oßcinalia oy Simon/ on stirring the 
old plant which no longer had any odour with fresh mustard flour con- 
taining myrosin. It was afterwards identified by A. W. Hofmann ^ as a 
secon&ry butyl mustard oil. Eventually, mustard oils were discovered by 
Pless ' in the seeds of numerous Cruciferce, but were not present in a ready- 
formed condition. Vollbath ^^ was able to detect it in other plants, viz.,. 
in some species of the Besedacea, 

1 Will and Kömer, Lieb, Ann., cxxv., 257, 1863. 

* Smith, Z.f. physiol. Ch., xii., 432, 1886. 

* Vide Will and Laubenheimer, Living's Ana.^ cxcix, 162, 1879» 
^ Schmidt, Ber, d, d. chem, Ges,, x., 187, 1877. 

3 Hubatka, Lieb. Ann., zlvii, 157, 1843. 

* Wertheim, Lieb. Ann., lii., 52. 

7 Simon, Poggend. Ann., L, 377, 1840. 

" Hofmann, Ber. d. d. cheifn. Oes., vii., 509, 1874. 

* Pless, Lieb. Ann., IviiL, 36, 1846. 

" VoUrath, Arch. d. Pharm. (IL), cxlviii., 156, 1871. 
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Subsequently, however, the simple detection of mvsiard oils 
was no longer regarded as sufficient, but search was made for 
the glucoside and for the corresponding ferment. Mention 
should be made here, in particular, of the systematic investiga- 
tions of GuiaNABD^ and Spatzibb,^ who sought and found the 
ferment in tbo organs of numerous plants. 

As regards the glucosides, to give them the preference, only 
two are known — potassium myronate^ which, in addition to its 
occurrence in black mustard seed, is also found, e,g.^ in Brassica^ 
CapsdUiy and Cochlearia; and the sinalbin of white mustard, 
which has been more fully investigated by Will and Laubeh- 
HEiMEB.^ It resembles potassium myronatej but has a more 
complex structure. 

The remaining glucosides of the Cruci/ercB and other plants 
which yield mustard oils and grape sugar on decomposition with 
myrosin are not yet known; but that we have here to deal 
with glucosides is shown by the fact that Spatzier invariably 
found that sugar was split off by the action of the ferment. 

All these glucosides then are decomposed by myrosin, though 
it does not attack either a- or ß^methylglucoside (E. Fischeb *). 
Cheiranthus cheiri (loallflower) also contains myrosin, but no 
glucoside. 

For the detection of the ferment in plants, Spatzier looked for 
the characteristic odour after the addition of potassium myronate 
to the juice of the plant under examination. When an odour 
was alreiady there, he expelled the ready-formed oil by gentle heat 
before applying the test. In this way he succeeded in proving 
that most Cruciferce, both the plants themselves and the seeds 
contain myrosin ; it was not present, however, e,g,, in CapseUa 
bursa pastoris. He also found it in the epidermis of the parts 
of the plant above ground and in the seeds of some JSesedaceaSy 
but only in the seeds of some Violacece and Trop(Bolace(B, 

BoKOBNT ^ found ferments resembling myrosin also in Legur- 
tninosa^ UmbeUiferce, and species of lilies, but glucosides yielding 
mustard oil only in Cruci/erce, 

So much for the distribution of the ferment. Its location and 
mode of secretion was first studied more closely by Guignabd.® 
He found by micro-chemical reactions that its seat was in special 

^ Guignard, Joum, de, Botan,, 386, 1890. 

^ Spatzier, PringsheinCa Jb.y xxv., 39, 1893, 

> Will and Laubenheimer, Lieb. Ann.f cxcix., 162, 1879. 

« £. Fischer, Bar. d. d. chem. Oes., xxvii., 3483, 1894. 

» Bokomy, C?iem. Zeit., xxiv., 771, 817, 832, 1900. 

^ Guignard, Journal de Botanique^ 385, 1900. 
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dispersed cells, first observed by Heinricheb/ which contained 
neither fat nor chlorophyll, but which gave strong albumin 
reactions. These he named albunUn tubes. They contained 
granular masses, which were coagulated by alcohol and gave a 
more intense coloration than protoplasm with Millon's reagent. 
He found these cells distributed throughout the whole plant, 
but the seeds were found to be the richest in them. The 
glucoside was stored up in other cells. He was able to isolate 
the ferment with special ease from the wallflower, in the 
phloemsheath of whose stem it is stored up abundantly. 

Spatzier {loc cit) continued these researches. With the aid 
of certain colour-reactions, specially orcein and hydrochloric acid, 
and also by means of the odour formed in the reaction, he 
obtained the following results : — 

The myrosin tubea lie either far apart or, as frequently hap- 
pens, are most intimately connected with the vascular tissue, 
and can be isolated with this — e.g.y in the case of Chevrantkus 
cheiri ; the remaining portion of the plant, which has neither 
vascular tissue nor tubes, contains no myroain, CapseUa, which 
has no ferment, also shows no tubes. 

In the seeds they lie arranged as in the complete plant — i.e., 
either diffused or in the procambium. But, whilst the myrogin 
18 in a stcUe qfaokUian in the developed plant, it is found in the 
seeds as solid grcmules. The glucoside and ferment are generally 
both together in the embryo, though exceptions occur. 

The formation of the ferment is independent of the influence 
of light. 

Bhamnase (or Rhamninase) is the name given to an enzyme 
which occurs exclusively in the seeds of Rhamnus in/ecUnia 
(Avignon berries, yellow berries) and was discovered by Mar- 
shall Ward and Dunlop.^ The fruit contains a glucoside, 
axmthorhamnin, to which the formula O^Uofi^g has been 
assigned. On treating the fruit-pulp with an extract of the 
seeds, the glucoside is decomposed into rfuimnin (rharrmetin) and 
glucose. The ferment has its seat in the raphe of the seeds, the 
cells of which contain a fatty, glistening, colourless substance. 
The glucoside, as is invariably the case, is stored up in other 
cells. 

The ferment is destroyed on boiling. Ch. and J. Tanrst ^ 

^ Heimicher, MiUheü. a. d. boL InsU Graz, 1886. Quoted by Spatzder, 
loc. cit. 

' Marshall Ward and Danlop, Annals of Botany, L, 1, 1887. 

' Ch. and J. Taniet, Bvü. Soc. Chim. de Paris. Quoted by Rev. g^ d. 
Sciences, 100, 1900. 
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have found that the glucoside is decomposed in the process into 
rhamninoae and other products which have not yet been further 
examined. Bhamninose is stated to be a trisaccharide which can 
be decomposed into two molecules of rhamnose (methylpentose) 
and one molecule of galactose. It would thus be the first in- 
stance of the discovery of a "glucoside" which does not include 
gliicose among its decomposition-products. This assertion, how- 
ever, is not in accordance with that of Ward and Dunlop, who 
found glucose. 

The Enzyme which Produces Indigo. — Although until quite re- 
cently the decomposition of the glucoside indican into indigo white 
and indigltusin was generally attributed to the activity of micro- 
organisms, it appears from the interesting results of v. Lookeben- 
Oampagne ^ and Brbaüdat ^ that an enzyme plays a part in the 
process. The former succeeded, on the one hand, in obtaining 
in the case of Indigo/era tinctoria, and the latter in the case of 
laatis alpina and some other indigo-producing plants, the typical 
decomposition in the presence of cldorofomy-water^ by which 
bacteria must have been eliminated ; whilst, on the other hand, 
the decomposition could no longer be obtained after previously 
heating the leaves or boiling the sap. Br^audat infers the con- 
secutive action of a hydrolytic ferment which effects the decom- 
position into indigo white and indiglucin, and of an oxydase 
which oxidises the indigo white to indigo blue. 

Other Ferments which Decompose Glucosides. — We have 
still to refer briefly to some other ferments which decompose 
glucosides, and which have as yet been very imperfectly 
examined. 

The glucoside of madder {Rubia tinctoria)^ ruberythric acid, is 
decomposed by a ferment, erythrozyme, simultaneously present, 
into cUizarin and glucose,^ Emidsin has a similar, but much 
weaker, action ; on the other hand, the ferment has no influence 
upon amygdalin. 

Other ferments are described by Schützenbergeb ^ which 
decompose phyUirin (from Phillyrea latifoUa) and poptdin and 
also one which decomposes tannin (1). A ferment which is said 
to only decompose aalicin was found by Kbaüch ^ in pumpkins. 

1 V. Lookeren-Campagne, Landto, Venu/chaaUU,, xliii., 401, 1894. Quoted 
hy Koch's Jb., 2S9, 1894. 

> Brteudat, Comptea Mendua, cxzvii., 769, 1898. 

» Sohunck, /. pr. Ch,, Ixüi., 222, 1854. 

^ Sohutzenberger, Die Cfährungaereheintmgen, IrUemat, WiiS. BibL, 271» 
1876. 

' Krauoh, Landwirihsch, VeraiuchBaUU.y zzlii., 77. 
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Bero ^ claims to have obtained a <' new " glucoside-decomposing 
enzyme from Ecballium elateriuniy which, according to him, pro- 
duces elaterin by decomposition from a glucoside, and of course, 
above all, is designated elaUraae, Since, however, it also decom- 
poses amygdalin as well as starch and cane sugar, we maj 
surely venture to ascribe its specific activity to emuUin, 

1 Berg, BuU, Soc. Chim, [3], xvii, 86, 1897. 
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CHAPTER XIX. 
OTHER H7DR0LTTIG FERMENTS. 

FAT-DECOMPOSIKa FERMENTS. 

The lipolytic ferments, which are also named steapsins^ or 
Upases^ possess the capacity of decomposing neutral fais, 

Fat8 are esters of glycerin, a trivalent alcohol of the formula 
CH2.0H.0H:0H.CH2.0H, with the so-called faUy acids, the 
most important of which are palmitic acid, CjgHji.COOH, 
stearic acid, C^^Hj^.COOHy and the unsaturated oleic acid, 
O17H53.COOH. The fats themselves are therefore designated 
palmittn, atea/rin, and olein. 

Under the influence of the fat-decomposing enzymes they are 
resolved into their constituents glycerin and free acids. It is 
thus possible to recognise and measure the activity of the 
ferments in decomposing fats by detecting the acids by means 
of their reaction towards litmus and eventually estimating them 
quantitatively by titration with alkali. 

The decomposing action of the pancreatic juice upon fats has 
been known the longest. 

The first observation of the pancreas having an influence upon 
fats was made by Eberle,^ who noticed an emulsification. 

Claude Bebnaed* investigated this property more fully. 
He regarded the emulsification as of primary importance, and 
therefore termed the active force ^ermen^ emulsif. 

This emulsification, however, is only a secondary phenomenon^ 
which can invariably be observed in fats when they are saponified 
to a very slight extent. As soon as a trace of an alkali salt of a 
fatty acid is present, an emulsion occurs on shaking with water. 
The primary phenomenon in the action of the pancreas enzyme 
is the splitting oS of free fatty acid, which then forms with the ' 

1 Biedermann, Pflüg. A„ Ixxii,, 157, 1898. 
^Hanriot, Comptea Rendua, cxxiii., 753, 1896. 

8 ■RViflrlft- Phvttt/ilnoiA dftr VArdnAiitnn. Wiiry.hui 



' Eberle, Physiologie der Verdauung, Würzburg, 1834. 
* CI. Bernard, Phyaiolog. Exp&r., ii. 
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sodhim carbonate of the intestinal secretion the soap required 
for an emulsion. 

The acid reaction was first noticed by CI. Bernard. It can 
be demonstrated in a remarkably striking manner -with the aid 
of litmus in a neutral ethereal solution of butter. 

Bbbthelot ^ showed that the synthetically-prepared glycerin 
ester, monobtiti/riny was decomposed into glycerin and butyric 
acid. The ferment is said to also decompose the esters of other 
acids — e.g.y the eater of acetic add (Hebitsoh 2), 

The quantity of ferment in the pancreas varies, being least 
six hours after a meal, and greatest in starving animals (GBirTZ- 

NEB*). 

Attempts to isolate the ferment have not yet passed the 
initial stage. By extraction with glycerin Gbützneb' has 
obtained infusions of pancreas which possess the lipolytic func- 
üon. 

The difficulty of isolating the ferment is due to its extra- 
ordinary sensitiveness towards acids in particular, but also, as 
it appears, to common salt, <fec. It can therefore only be 
obtained from absolutely /re»Ä pancreas. 

A quantitative method of estimating approximately the 
amount of its action has been given by Grützner, loc, cU. He 
counts the number of drops of a solution of the ferment which 
are required to decompose known quantities of an emulsin of 
almond oil. Another is based upon the saponification of mono- 
Jyatyrin and titration of the liberated butyric acid (Has&iot 
andCAMus*). 

J. H. Kästle and A. S. Loevenhabt* have recently found 
that ethyl hutyraie is much more rapidly hydrolysed than 
glycerin esters, and is therefore more suitable for the estima- 
tion of the activity of the enzyme. In their experiments they 
macerated the fresh pancreas with coarse sand and extracted 
the enzyme with water or glycerin. One c.c. of the extract thua 
obtained from 10, 20, or 50 grammes of the tissue and diluted 
to 100 C.C. was allowed to act for forty minutes on a mixture of 
4 C.C. of water, 0*1 c.c. of toluene (as preservative), and 0*25 cc. of 
ethyl butyrate at a temperature of 40** 0., after which the liquid 
was titrated with ^ potassium hydroxide. 

^ Berthelot, quoted by Gamgee, Phys, Ch, d, Verdauung; translated 
into German by Asher and Beyer, 225, 1897. 

«Heritach, CentrcM. med. IViss., 449, 1875. 

»Grützner. PaHg. A., xü., 302, 1876. 

^Hanriot and Camus, Comptes Rmdus, cxxiv., 235, 1897. 

'^ J. H. Kastle and A. S. Loevenhart., Amer, Chem. /., zxiv., 491-525, 
1900. 
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Compared with the pancreas, the other tissues of the pig showed the 
following relative degrees of activity : — Pancreas, I'O ; liver, 2 '93 ; kidney, 
0*50 ; submazillary gland, 0*36. 

Comparative experiments were made with the livers of other animals, 
the action of the enzyme being continued for fifteen minutes. Per cent, of 
hydrolysis :— Pig, 8'66; sheep, 477; duck, 270; ox, 2*20; and chicken, 
1-95. 

Lipase was found to be almost completely removed from its *' solution " 
hy repeated filtration. 

It was also found to be more stable than is usually supposed, for 
extracts of the liver and pancreas 'could be kept several days without 
losing their activity. Thus« extracts kept in a refrigerator at I** C. for 
several days showed the following per cent, of hydrolysis :— Initial 
extract, 4*09 ; after 48 hours, 4*44 ; after 72 hours, 4*14. 

The increase in the activity was attributed to the conversion of zymogen 
into enzyme. 

Ethereal salts were most rapidly hydrolysed by lipase at 40* C. At 60® 
to 70° C. the enzyme was destroyed. 

Most of the common antiseptics were injurious to the enzyme, and par- 
ticularly sodium fluoride, hydrofluoric acid, and acids in general. 

As regards the kinetics of the reaction, it was found that — 1. The 
velocity was not proportional to the active mass of the ethe^^eal salt. 
2. The velocity was nearly proportional to the concentration of the 
enzyme. 3. The reaction was incomplete ; but in the case of very con- 
centrated or active extracts of the enzyme, and with very small amounts of 
ethereal salt, it was nearly, if not quite, complete. 4. The coefficient of 
velocity was not constant, out decreased with the progress of the reaction. 

By means of lipase Kastle and Loevenhart have efiected a synthesis of 
«thyl butyrate from but3rric acid and alcohol, from which they conclude 
that the action of the enzyme is a reversible one. They consider that this 
has a bearing on the question of the storage and utilisation of reserve 
fatty-materiiu in plants. 

The ferment appears not to be confined to the pancreas. 

ScHMiEDEBERG ^ isolated his MstozymCj which can decompose 
both fats and hippuric acidy from the kidneys, liver, and blood. 

Hanbiot ' discovered lipcue in the blood and serum of nearly 
all the animals examined by him, and also in the liver, where 
he detected and quantitatively estimated it with the aid of 
monohutyrin {vide supra) (Hanbiot and Camus •). 

According to Knauthe,* it is contained in the intestines of 
fish. 

In the intestine of insects, notably the fneal-worm {Tenebrio 
fnolitor\ a very active lipolytic ferment was found by Biedeb- 

MANN.' 

Blood lipase is stated not to originate from the pancreas since 

1 Sohmiedeberg, A, /. exptr. Path,, xiv., 379. 

^Hanriot, C. B. Soc, Biol.^ xlviii., 925 ; Comptes JRendua, cxxiii, 753. 

^ Hanriot and Camus, Comptea Rendus, cxxiii., 831 ; oxxiv., 235, 1897. 

«Knauthe, Du Boia A., 149, 1898. 

< Biedermann, Pßug, A,, Ixxii., 157, 1898. 
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it differs from pancreas lipase, particularly as regards the 
influence of temperature and of alkalinity upon it (Hanriot ^). 
ffcemO'lipcue is said to be increased, for example, in diabetea 
mdlitua, but to be diminished, 0.^., in pneumonia, carcinoma^ 
and icterus (Achard and Clerc^. 

A decomposition of fat occurs in the stoma.ch, but this cannot 
be of a fermentative character (on account of the acid reaction) 

(OOATA»). 

Lastly, it should be mentioned that Klüg^ claims to have 
discovered a fat-decomposing enzyme in the pancreas, which, 
according to him, splits off carbon dioxide and hydrogen, but no 
methane. He did not find it, however, in every pancreas. 

According to the investigations of Connstein,^ the assimila- 
tion of fat by the organism takes place to far the greatest extent 
after preliminary decomposition^ and not by mere emuUification^ 
as was formerly assumed. In this process ferments may surely 
play an important part. 

Lipolytic Vegetable Ferments.-— The occurrence of fats as 
reserve material in seeds, and their solution in the process of 
germination was first observed by Mulder,^ and more fully 
investigated by Sachs,^ who came to the conclusion that atarch 
was first formed from the fat, which, however, was contradicted 
by Fleüry.8 

The first statement that a fat-decomposing enzyme is present 
during the germination of the seeds of different plants is due to 
MÜNTZ,^ who established the fact of the occurrence of fatty 
acids, and whose results were confirmed by Schützenberger.^* 

The saponification of vegetable fats during putrefaction was 
observed by Boussikgault " and Pelouze." 

Green" prepared from the germinating seeds of Ricinus 
communis by extraction with glycerin or sodium chloride 

*■ Hanriot, Comptes Rendua, czziv., 778, 1897. 
'Achard and Qerc, Comptes Bendua, cxxix., 781, 1899. 

* Ogata, Du Bois Arch.y 515, 1881. 
« Klug, Pflüg. -4., Ixx., 329. 

"Connstein, Pflüg. A,y Ixv., 473; Izix., 76. See his Summary, Medi- 
cinische Woche, 1900, No. 15. 

' Mulder, Chemie dee Bieres, German translation by v. Grimm, 222. 
7 Sachs, Botan. Ztg., 178, 1859 ; 342, 1862. 
« Fleury, Änwü. d. Chim. [4], iv., 38, 1865. 

• Müntz, Anwal. de Chim. [4], xzii., 472, 1871. 

^^ Sohützenberger, Die OährungeerecheinuTtgen, IntemaU Wisa. BiH.« 263y 
1876. 
u Bousaingault, quoted by Muntz, toe. cit* 
^ Pelouse, Ann. d. Chim. et Phya. [3], zlv., 3191 
w Green, Proe. Roy. 8oc., xlvii£, 370, 1890. ^ 1 
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golntion and sabseqnent dialysis, active eiu^io solntioiia 
which liberated free fatty add from castor oil after a short 
time at 40" 0* The ferment was destroyed by heating the 
solutions to the boiling point. Adds and alkalies rendmd it 
inactive without destroying iti 

It is not stored up in the embryo, as MUnta oonduded, but 
only in the endosperuL According to Oreen it is present in 
the form of zymogen in quiescent castor seeds. Lukia^ dia- 
covered Upase in the pumpkin^ in the ecutar oil plantf and in 
eoooa^nuts, 

Sigmund' found it in many other seeds, though to a less 
extent in the latent than in the germinating condition. He 
was able to obtain an active preparation from the aqueous 
extract by predpitation with alcohol. 

Fat^ecomposing ferments are also found in microorganisms. 
Thus, saponification of the fatty-acid esters takes place in all 
processes of ptUre/acHon. 

OiRARD ' has obtained a lipase from FemdUium, Oaxus * has 
found one in the same mould, and also to a lesser extent in Aspsr^ 
giUus fdger^ ; Biffen,<^ too, has discovered one in a mould, 
belonging to the saprophytes^ which grows on the living cocoa- 
nut. On triturating the mycelia with kieselguhr, and filtering 
under pressure, an extract is obtained which decomposes both 
cocoanut oil and monobutyrin. The eniyme can be predpitated 
with alcohol without losing its activity. 

tniere are also other moulds which ^w upon nutrient media containing 
fat— e.^., Ennpu&a^ Ccrdyape^ Oydomum o^eo^nvm (Baizin» and /nsen^MBa 
\ (BoBn"). 



According to Sigmund,^ there exists a close relationship 
between the lipases and the enzymes which decompose gluco- 
sides, for he claims to have decomposed fats by means of 
emulsin, and amygdalin by means of lipase. But^ inasmuch aa 
he did not use pure ferments, his experiments are not very con- 
vincing. Besides GteABD {foe. ciL) did not observe amy action of 
smulevn on monobutyrin. 

1 Lomia, 8tm^ Sperim. Agrwr. ItaL^ zzxi., 897; Holy's Jh,^ 7M» ISMI. 
> Sicmund, Monatsch, /. Chemit^ zL, 272, 1890. 

* Gerard, Cofnptes Bendua, ezziv., 370^ 1897. 
« GamuB, a R 8oc Biol., zlix., 192, 1897. 

* Id.. ibid.^ 280. 

* Biffen, Annais qf Botany, ziii, 386| 1899. 
7 Brizi, quoted by Bi£fon, loe. oU. 

* Borsi, Botan. CaOnUhL^ zjdv., M, 188& 

* Sigmund, Monatsh./. Ohmis; Ma^Jfh, 898, 18881 
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There are also bacteria which decompose fata — e.g.^ B. flibo- 
reiemu non-Uqu^adena (Kruegeb *). 

As regards pathogenic bacteria, Somkabüoa* asserts that fats 
are decomposed — e.g., by the bacteria of cholera and typhus, and 
also by B, pyocyameus. Indeed, according to Sommaniga, all 
bacteria which decompose fat are pathogenic. 



The AmmoDiacal Fennentaüon of urea. 

When arine is left exposed to the air it becomes alkaline and 
acquires a pronounced odour. It was long ago recognised — 
cff.y by BoERHAVE^ — that this was due to the production of 
ammonia. 

YakHeluont^ had already included the odour among the 
fermentative proceaaes — *.«., putrefaction. When, however, the 
true composition of urea had been discovered by Prout,^ and it 
had been found that urea was decomposed into ammonia and 
carbon dioxide on distillation, Fourcrot and Yaüquslin<^ 
accounted for the production of ammonia by the spontaneous 
decomposition of urea in the urine. 

Proust 7 was the first to succeed in preventing urine from 
undergoing this spontaneous decomposition, and in keeping it 
unchanged for a long period. Liebio,^ in accordance with hia 
decomposition theory, inferred the existence of a ferment. 
After that the mucMy and in particular that of pathological 
urines, was frequently made accountable for this decomposition.^ 
That micro-organisms occurred in such alkaline urine was first 
observed by Shbabman.^<^ But their significance was first made 
clear by the researches of Müller,^ and of Pasteur*' and his 
pupil Vah Tieghbk.^ Pasteur was able to preserve boiled urine 

1 Kraeger, C. /. Bakt., vii., 467, 1890. 

' Sommaniga, Z, /. Hyg., xviii. , 441, 1894 (fldves the literature). 

' Boerhave, JSlcTnenta Chimice, ii, London, 1732. 

* vaa Helmont, OpusctU. medic, inedita, I. de lithiasi, 27. Quoted by 
Lenbe, loe, cU, 

• Prout, Annals of Philos., xi., 352, 1818, 

' Fourcroy and Vauquelin, Ann, d, Chim,, xxxi., 48 ; xzxii., 80, 113. 
7 Proust, ibid., 2nd Ser., xiv., 267. 
« Liebig,' CÄ«m. Bri^e, xv., 6th Ed., 1878. 

> See, tnter alica, H. Fischer, BerL Jdm. Woeh., 18, 1864 ; Haakel, in 
8ehnUdt*8 Jahrb., iii., 1. 

^^ Shearman, Schmidt'a Jahrb., Iv., 276. 
. " MiiUer, J.ptaet. Ch., bcxxi., 452, 1860. 
1^ Pasteur, Comptea Rendua, L, 849, 1860. 
" van Tieghem, Comptea Bendua, M., 2M ; Iviii., 210, 1864. 
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without change in hermetically-closed flasks, whilst it under- 
went decomposition on admitting the air. Yan Tieghem 
invariably found micro-organisms in ammoniacal urine, and 
these he termed TanilacecB. He seldom observed them alone, 
but usually in company with infusoria. They also caused the 
decomposition of hippuric acid. That the germs penetrated 
from the exterior was also confirmed by the experiments of 
Oazeneuye and Liyon,^ who tied up the bladders of living 
animals, then extirpated them, and were thus able to keep the 
urine unchanged, even when they had rendered it alkaline or 
bad added albumin or sugar to it. When they surrounded the 
bladder with paraffin, they found that fermentation occurred 
in the urine, which dialysed through into the space between the 
bladder and the paraffin, but not when the paraffin had pre- 
viously been sterilised. On opening the bladder fermentation 
soon commenced, and cocci could be detected. 

Meissner,^ too, found that fermentation did not occur when 
air was excluded. Leube^ observed that fresh normal urine 
contained no bacteria, and that, on exposing urine in different 
places, the fermentation occurred after different periods of time, 
depending on the quantity of germs which had gained admit- 
tance from the air. 

MiQUEL^ found the germs widely distributed in the atmo- 
sphere. 

Even in cases of fermentation within the bladder, the germs 
are usually derived from the exterior — e.g., by catheterising — 
though Leube ^ considers that an infection by way of excretion 
from the kidneys is not out of the question. 

That the mere presence of cocci, however, was not sufficient 
to induce fermentation was shown by the results of Guiard,^ 
who found that bacteria did not cause fermentation in the 
healthy bladder. The bacteria must thus be rapidly destroyed 
in the healthy bladder, whilst in diseases of the mucous mem- 
brane {cystitia) they find a suitable culture medium. 

Miquel' discovered, in addition to the "Micrococcus urincB,** a Bacillvs 
ureat which could withstand being heated to 90** C, and also found subse- 

^ Cazeneuve and Livon, Comptea Rendua, Ixxxv., 571. 

^ Meissner, quoted by Leube, loc, cit, 

* Leube, Zettschr. /. klin. Med., iü., 233, 1881 ; and Virch. Arck.^ 
c. 540. 

'« Miquel, BitU. Soc Chim., xxix., 387, 1878. Th^. 

' Guiard, Etude aur la transform, ammon. des Urines, Th^,. Parii^ 
1883. Quoted by Leube, loc cU. 

" Miquel, BulC 8oc, Ohim., zzzi., 391 ; xxxii., 126, 1879. 
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auenily other Urococci, UrobacUli, and a UroaarcincL^ v. Jaksgh' 
aisoovered polymorphic bacteria which developed their greatest activity at 
about 33° C, and which required for their development a nutrient medium 
oontainins phosphorus, sulphur, potassium, and magnesium, in addition tc 
urea or of a number of other organic substances— 6.^., succinic acid, grape 
sugar, &c. They also need free oxygen. 

Leube ^ then fully investigated the conditions of the fermen- 
tation of urine in a very careful manner, using pure steri- 
lised urea free from ammonia. He made pure cultivations 
of the bacteria occurring in ammoniacal urine, and thus isolated 
eight or ten species, of which /ow were found to be active, 
notably a Micrococcus urece and a Bcicterium urece, 

B, proteus proved to be inactive, but lung sarcince were active. On the 
other hand, Bbodmeier * found that B, proteus vulgaris was very active. 
A UrobaciUua Schützembergü is described by Gambier.' 

The Enzyme of Urea - Fermentation (Urase). — Musculus^ 
found in urine an unorganised ferment which had the same 
decomposing action on urea as the bacteria mentioned above, 
and especially in the thick, mv^Haginous^ ammoniacal urine of 
cystitis. By precipitation of this mucilaginous urine with 
alcohol, he obtained the enzyme in a dry condition and was able 
to keep, it for a long time. It was destroyed by acids and by 
heating to 80° C, but was not affected by phenol. It was 
perfectly specific, acting only upon wrea, which it decomposed 
into ammonia and carbon dioxide. 

According to Ladubeau,' it is also active in vacuo, under a pressure ol 
three atmospheres, and in the presence of nitrogen, hydrogen, carbon 
dioxide, &c. 

Lea ^ was only able by precipitation with alcohol to obtain 
the ferment from the mucilaginous deposit of cystitis urine, but 
not from the decanted and filtered urine itself. It was indif- 
fusible. In other particulars he confirmed the results of Mus- 
culus. Pasteur and Joubert® proved that the enzyme only 
occurred when the bacteria which decomposed urea were present, 
and concluded that these micro-organisms produced the ferment. 

* Miquel, Annal de Micrograph,, i., ii., iii., v. Quoted by Flügge, Die 
Micro-organ., viii., ix., 1896. Quoted by Koch's Jh., 1896, 1897. 

^ V. Jaksch, Z. physiol, Ch,, v., 395. 

* Leube, Virch, Arch,, c, 640. 

* Brodmeier, C. f, Bakter,, xviii., 380, 1895. 

' Gambier, Ann. d. Microg. Quoted in Koch's Jahrb., 285, 1893. 

* Musculus, C, R., Ixxviii., 132, 1874. Pflüg. Arch,, xii., 214. 
' Ladureau, Comptes Bendus, xcix., 877, 1884. 

''Lea, Journ, of Physiol. , vi., 136. 

* Pasteur and Joubert, Comptes Bendus, Ixxxiii., 5, 1876. 
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According to Lea,^ it is firmly attached to the living cells, since 
the filtrate from this deposit has no action ; not until the cells 
have been destroyed by alcohol is the enzyme liberated and 
rendered capable of being extracted by water. 

Leube,^ in like manner, was unable to obtain any soluble 
ferment by filtration of his pure cultivations. Miquel ^ subse- 
quently succeeded in effecting the approximate isolation of 
v^ase from pure cuUivatuma of different bacteria in peptone- 
broth containing ammonium carbonate, by sterilisation by 
means of a porcelain filter, though this was only possible in the 
absence of oxygen. It underwent decomposition' with extra- 
ordinary readiness ; even at 50' C. it was destroyed in a few 
hours. Alcohol, &c., and free oxygen had a very injurious in- 
fluence. Its optimum temperature was 50° C. 

Jacoby ^ observed the formation of ammonia and the decom- 
position of hippuric acid and urea in extracts of the liver. 

Leone and Sestiki' have published the results of their in- 
vestigation on the decomposition of uric acid into ammonium 
carbonate under the influence of bacteria. They find that the 
ammoniacal fermentation of uric acid is brought about by the 
same micro-organisms as that of urea. G&rard^ concludes 
that urea is split off as an intermediate product (see Urea- 
producing Fermen£). 

Decomposition of Calcium Formate. — The decomposition of 
Calcium formate into Calcium carbonate and hydrogen is a 
peculiar reaction, which, although efiected by the agency of 
bacteria, yet appears to be a pure and genuine fermentation 
(Popopp,' Hoppe-Setler ®). 

It takes place as represented in the equation : — 

HCOO>^* + HgO « CaCOg + COo + 2H2 

This process causes a positive manifestation of heat, and is 
thus exothermic^; it is also to be classified as a true fermentative 
process from the fact that it is independent of the life of the 

^ Lea, Joum, of Physiol. , vi., 136. 

^Leube, Virch. -4., c, 540. 

> Miquel, CmnpUs Hendus, cxi., 397, 1890. 

*Z. physiol, Ch., xxx., 148, 1900. 

'Leone and Sestini, Landwirihach, VersuchaekU., xxxvüL, 167, lail. 

•Gerard, C. R. Soc. Biol,, 616, 1896. 

"^VoyoQ; Pflüg, A., x., 142. 

* Hoppe-Seyler, Pflüg, A., xii., 1. 

^Cf, Berthelot, Comptea Rmdus, lix., 901, 1864^ 
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bacteria^ and continues after the destruction of the micro- 
oiganisms {e.g.^ by means of ether). 

A ferment which affects the hydrolytic decomposition of 
iOMroeMie acid and hippuric acid is excreted by many bacteria. 
The decomposition also occurs when the bacteria are destroyed 
by ether (Hoppb-Sbylbr '). ^ 

1 Hoppe-SeyUr, l^ßüg. A., zii, 1. 
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CHAPTER XX. 

THE LACTIC ACID FERMENTATION. 

Although the formation of lactic acid from sugars had long 
been observed, it was in the earlier days merely classified with 
the rest of the acid fermentations. 

Subsequently it was further recognised that under certain 
conditions lactic acid was produced by spontaneous fermentation 
from liquids containing sugar — e.g,, beetroot juice, fruit juice» 
milk, &c.^; great difficulties, however, stood in the way of 
invariably obtaining the desired result, whilst very frequently 
unexpected and destructive processes of another kind OQM^sked or 
prevented the formation of lactic acid. Thus, before it wai|Kfound 
possible to effect the isolation of the specific micro-organisms, 
the study of this phenomenon was very tedious. Boutro^- 
Oharlard and Fr^imt,* who were undoubtedly among the first to 
more closely investigate the lactic acid fermentation, regarded 
the ferment from Liebig's point of view, and in consequence of 
the frequent failure of their attempts to obtain pure lactic acid 
fermentations were forced to the conclusion that there was a 
variability in the ferment, which was able to bring about, 
according to the conditions, sometimes the lactic acid fermenta- 
tion and sometimes processes of another nature. 

Pasteur' then showed that aJcoholic fermentation and lactic 
acid fermentation were processes which must be absolutely dis- 
tinguished from one another. 

Subsequently the views on the subject became clearer. We 
now know that the lactic acid fermentation is also connected 
with the presence of living micro-organisms, and that it is pos- 
sible to avoid all those disturbing by-processes by the use of 
pure cultivations. 

The micro-organisms of the lactic acid fermentation were first 

'See, e,g,, Braconnot, Ann, Chim. Phys,, xxxvi., 116; Gay-Lnseao and 
Pelonze, Ann, Chim, Phys,, 111., 410, 1883. 
*Boutron-Charlard and Fr^my, Ann, Chim. Phys., [3] ii., 257, 1841. 
»Pasteur, Die Alhoho/gährg. , 38. 
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observed by Blondsau,^ but their significance was not realised. 
The micro-organums were then more closely studied, in par- 
ticular, by Pasteur.' They were first obtained in a pure 
cultivation by Lister.' The fact that milk could be kept sterile 
in the absence of air, of which proof had long been sought in 
vain, was established by Boberts* and by Meissner.^ The 
biological side of the subject was then thoroughly studied by 
Hüeppe' with the aid of Koch's method, but to this we shall 
return presently. 

The chemistry of the reaction is, in the main, very simple^ 
Lactic acid is formed from the hexoses by simple decomposition, 
as in the equation 

O^HijOe = 2C3H,03. 

We have here, then, a case analogous to the myrosin^tecom- 
positianf inasmuch as the absorption of the elements of water 
plays no perceptible part in the final result, so that we cannot 
without further proof ascribe this process to the hydrolytio 
decompositions. Accordiug to our view of fermentative action, 
it would a priori be perfectly justifiable to conceive a case in 
which an unstable molecule merely underwent an internal decom- 
position with a loss of energy, just as simpler molecules can 
pglymerise without further change with a fixation of energy. 
Notwithstanding this, however, the lactic acid fermentation is, 
by fairly general consent, included among the hydrolytic pro- 
cesaeSf an intermediate absorption of water being assumed ; and 
this conception also is completely permissible. Since the ques- 
tion can scarcely be decided experimentally, th^re is no advan- 
tage in discussing it further from a theoretical standpoint^ and 
with this reservation we shall include the lactic acid fermenta* 
tion among the hydrolytic fermentatious. 

The resulting lactic acid is almost invariably o^hydroxypra- 
pionic add, CH3.OHOH.COOH. 

HiLGEa ^ only once obtained fi-hydroxypropionie acid, or ethylene lactio 
acid, CH2.OH.CH3.COOH, which he was able to identify by oxidising it 
to malonic acid. 

The variety of ethylidene lactic acid formed varies, however, 

^Blondeaa, Joum, d. Pharm, et Chim., zii., 244. 3.36, 1847. 
^Pasteur, Comptes Rendue, xlv., 913, 1857; xlvii., 224; xlviii., 337. 
See also Bontroux, Comptes Rendus, Ixxxvi., 615, 1878. 
'LiBter, Pharmaceut, Journal, viii., 555, 1877-8. 
^BoberU, Philos. Transact., clxiv., 465, 1874. 
^ Meissner, Oöttinger Chir, Klin., quoted by Hueppe, loc. cit, 
*Hneppe, MiUh. a. d, kaieerl. Gesundh-Amt,, ii., 309, 1884. 
'Hilger, Ann. Chem. Pharm,, clx., 336, 1871. 
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Tery considerably with the nature of the active agent and of 
the substratum. 

The ferrnanUxlion laetio acid most frequently met with is the 
racemic inactive form, although the dextrorotatory laetie aeid, 
the sarcolactic acid of muscle, the zinc salt, of which is knoroUh 
Uyry} is formed frequently enough. Very closely-related specisB 
thus produce different acids on the same culture -medium, as is 
also the case with the wm/e species on different culture-media.' 

We might, indeed, reasonably conclude that in these cases 
the inactive racemia acid is invariably formed first by the 
primary fermentation, but that certain micro-organisms have 
the further power, under certain conditions, of consuming the 
/-lactic acid, so that only the c^acid is left It has been definitely 
proved that they are able to do this in the case of the ready- 
formed racemic lactic acid (Franeland and Macgrbgob '). The 
production of ^-acid has been established in one instance by 
SoHARDiNGBR.^ By making it combine with the c^acid, he was 
able to prepare from it the racemw fermentation lactic acid. 

We may venture to attribute with certainty this simple 
decomposition to the action of a ferment which, however, has 
as yet not been isolated from the cells. But in the lactic acid 
fermentation, if anywhere, I believe an extension of Buchner^s 
pregnant results to be possible. Apart from the simplicity of 
the reaction, which it is possible to effect purely chemically in 
the same way by means of alkalies, there is absolutely no teleo- 
logical reason to explain why the micro-organisms should expend 
so much valuable food-materialf sugar, to only decompose it in 
their metabolitm into a product still endowed with relatively 
great tension — a decomposition-product, moreover, whose dr 
component they can no longer utilise. We can perhaps 
construct a physiological picture, as it were, if we form the 
following conception of the process : — Such micro-organisms as 
are unable, for some unknown reasons, to assimilate the non- 
electrolyte, sugar, decompose it by means of an enzyme which is 
produced, as is invariably the case, for this physiological end, 
and which converts it into racemic lactic acid. 

As is also the rule in such cases, this enzyme will provide a 
large excess of assioulable food-material — in this instance the 
deetrolyt^ lactic acid. The latter can now be utilised as food in 
such wise that either hoth optical isomerides are further decom.- 

^ See, e.^., Nencki and Sieber, (7. / Bakt.^ iz., 304. 

^ For the literature, see Flügge, Mtcro-organ.^ 233^ 1896. 

' Frankland and Macgregor, Joum, Chem, 8oc., IxiiL, 1028, 1880L 

< Sohardinger, MoncUsh,/. Chenu, zi., 545, 1890. 
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posed indifferently, in which case there remains an excess of 
racemic lactic acid ; or that the cell only decomposes the ^om- 
ponent when the d-laciic ctcid (or, in certain cases, also the 
2-lactio acid) is left as a decomposition-product which can no 
longer be attacked. Under favourable conditions of vitality, 
the micro-organisms appear rather to be capable of further 
decomposing both constituents, so that racemic lactic acid 
invariably is left ; if their vitality be weakened, their power of 
assimilating one or other of the components, according to the 
circumstances, becomes less, and this conclusion receives support 
from the experiments of Fer^ ^ on Coli bctciUi, 

But that, in any case, lactic acid is not to be regarded as the 
ßnai metabolic product of the organisms is clear from the in- 
variable presence of by-prodtLcta^ even in the case of puare 
cultivations, and to the significance of these in differentiating 
fermentation from vital metabolism we shall again refer when 
discussing alcoholic fermentation. In the first place, carbonic 
acid is naturally produced as a purely vital respiration product 
of the organisms, and has no connection with the fermentation 
as such; the fact of its production has been asserted by Hueppb^ 
and by Adametz,^ and denied by Leichmahn,^ though with 
reference, it is true, to other micro-organisms. In addition to 
this, other products are also formed — e.^., traces of alcohol 
(Leichmann*), &c. 

Subsequently Kuprianow ^ also showed that the consumption 
of sugar did not run absolutely parallel with the formation of 
lactic acid, and this we may interpret as indicating that the 
actual metabolism of the micro-organisms, which depends upon 
their nature and vital conditions, proceeds simultaneously with 
the typical fermentative process. Moreover, there are means of 
checking the power of development of thie micro-orgamsms 
without interfering with the fermentation, viz., metallic salts in 
very slight degrees of concentration (Chassevant and Richbt^^); 
this fact admits of the same interpretation. We shall deal more 
fully with this question as a whole in discussing the very much 
more important alcoholic fermentation. 

Sabstratom of I^actic Acid Fermentation. — All simple hexoses 
undergo the typical lactic acid fermentation under the influence 
of the ferment, notably glucose^ fructose, and galactoss, Jiannite, 

> Per^, Ann. Inst, Pasteur, vi., 528, 1892 ; vii., 737, 1893. 

' Hueppe, MiUh. a, d. kaieerl, Gesundh. Amt,, ii., 309, 1884. 

» Adametz, C,f, Bakt. [H.], i., 465, 1895. 

« Leiohmann, C,f. Bakt,, xvi., 826 ; through MüehzeUg,, 33, 189<A. 

» Kuprianow, Arch,/. Hyg., xix., 282, 1893. 

* Chassevant and Richet, CompUs Bendvs, oxvii., 673« l9SiX 
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&c,, however, are also fermented, and likewise pentoses, e,g., 
rhamnose (Tate ^). 

On the other hand, ca7ie sugar, lactose, &c., are only fermented 
to lactic acid, after preliminary decomposition by their special 
enzymes. 

Biology of Lactic Acid Fermentation. — The fact that a great 
nnmber of bacteria cause these fermentations is a further proof 
that, in the lactic acid fermentation, we have to deal not with a 
definitely arranged metabolism of distinct species of micro- 
organisms, but with the production of a ferment, which, like 
the ferments produced elsewhere by micro-organisms, has a wide 
distribution. 

I cannot undertake to enumerate here all the species of 
bacteria which produce the lactic acid ferment. There are 
many of them in all the groups of the fission-fungi. Not only 
bacilli, but also cocci, vibrios, and sarcince which produce lactic 
acid are known.^ Many pathogenic bacteria — e.g., those of 
cholera, typhus, B, coli, <fec. — must also be included. The produc- 
tion of lactic acid is thus a widely distributed attribute of 
fission-fungi under definite conditions. 

They do not cause fermentation in solutions of pure sugar, 
although ammonia in the form of its salts can serve as their 
source of nitrogen (Timpe ^). 

Peptones appear to be the best culture-medium. 

The various organisms which produce lactic acid show con- 
siderable differences in regard to the amount produced, as well 
as in their sensitiveness towards the resulting acid and towards 
the various by-products, as has been shown by Katser* in a 
comprehensive research. There are both essentially aerobic and 
anaerobic forms, whilst others are indifferent to the influence of 
free oxygen. The cultivations gradually diminish in activity. 

Most of them also produce acetic acvd, which frequently pre- 
dominates to such an extent that it overwhelms the formation 
of lactic acid. 

Conditions of the Lactic Acid Fermentation. — Since the lactic 
acid ferment is very closely connected with the life of the cells 
it is clear that its activity will be destroyed by all agents that 
destroy the cells. Thus, it is rendered inactive by alkalies, 
strong acids, and also by all protoplasm poisons, such as the 
salts of heavy metals, Ac. Very minute quantities of these — 

» Tate, Joum. Chem, Soc, bciii., 1263, 1893. 

^ Cf. Flügge, Micro-organi^men, i., 232, 1896. 

» Timpe, Arch,/, ffyg., xviii., 1, 1893, 

* Kayser, Ann, Inst, Pasteur, viii., 779, 1894 (gives copious bibliography). 
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6.<7., copper sulphate and mercuric chloride in 0*00005 per cent, 
solution — are stated by Bichet ^ to have a beneficial influence. 

The optimum temperature for its activity is 30** to 40"* 0.» but 
it can resist being heated at 60** 0. for a short time (A. Matbb^). 

Pepsin has no effect upon it (Hibschfeld ^). 

The micro-organisms which produce lactic acid are peculiarly 
sensitive to the action of acids, notably hydrochloric acidy^ and 
even to lactic acid itself. It is, therefore, necessary to introduce 
a neutralising agent to obtain a good yield of acid from the 
fermentation, the most suitable, according to A. Mayer (loc. cit.)y 
being calcium carbonate. In milk their sensitiveness is less, 
which TiMPE ^ explains by the fact that part of the resulting 
acid is fixed on the one hand by the casein, and on the other 
hand by the neutral phosphates. Otherwise the fermentation 
ceases when the amount of acid reaches 0*04 per cent. Gelatin 
and peptone have a similar fixative action upon the acid. 

Is there a Lactic Acid-Forming Enzyme P — It would naturally 
be of the greatest value in establishing the truth of our theo- 
retical conception of the production of lactic acid, if it were 
possible to prove the existence of a lactic acid-forming enzyme. 
No such enzyme has as yet been isolated from the organisms 
which produce lactic acid, but there is another source of the 
formation of lactic acid, in which an enzyme i& possibly concerned. 

Lactic acid is invariably present in the organs of animals^ 
especially in dyiny muscle, and also occasionally in the lurine. 

This formation of lactic acid in the muscle was long ago re- 
garded as B, fermentative process by Dubois-Reymond,® chiefly 
because the acetification could be prevented by heating the fresh 
muscle ; and in this opinion he was followed by others. Nasse/ 
in particular, thoroughly investigated the formation of lactic 
acid, and pointed out numerous analogies between it and enzymic 
actions. 

He came to the conclusion that a hydrolytic decomposition of 
sugars occurred, and found that it was influenced by certain 
salts in a perfectly specific manner. 

For example,' svlphates in concentrations up to 9 per cent, had 
a stimulating influence on the formation of lactic acid, as was 
also the case with carbon dioxide. 

^ Richet, CompUa JRendua, cxiv., 1494, 1892. 

> A. Mayer, Maandbl. f. NatunoeUnsch, 1892 ; Afaly^a Jh.^ 598, 1892. 

» Hirschfeld, Pflüg, Arch., xlvii., 610, 1890. 

* See, inter alios, Cohn, Z, phyaiol. Ch., xiv., 76, 1890. 

* Timpe, Arch,/. Hygiene, xviii., 1, 1893. 

« Dubois-Reymond, SUzb, Bed. Acad,, Matk.-Pkysik, CI., 288, 185X 
' Nasse, Pflüg, A,, xi., 138. 
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But, above all, he fonnd that acetification still occurred in an 
a/queou8 extract free from cellSf as had already been shown by 

KüHN&) 

We can thus reasonably form the conception that a ferment is 
produced in dead muscle and organs, and possibly also intra 
vitamy analogous to the diaaicUic and oxidieing ferments, which 
can be obtained from the organs and extracts of organs of 
animals to the exclusion of vital processes. 

Unfortunately, the question of the existence of such a 
ferment has not yet been experimentally decided. Some ex- 
periments, which I commenced a short time ago, have also 
given results too inconclusive to be advanced with any 
weight. I have not yet investigated whether there exists 
in mueele extract an active ferment, which, in the absence 
of putrefactive micro-organisms, converts sugar into lactic 
acid ; I have, however, made a series of experiments to deter- 
mine whether the so-called glycolytic ferment of the bloody 
with which we shall deal more fully subsequently, does not 
possibly form lactic acid from sugar. As a matter of fact, I have 
only been able to obtain very minute quantities of lactic acid 
from fresh horse blood, and also very little from the same blopd 
which had been preserved with toluene and 0*6 per cent, of 
sodium fluoride, and left for 48 hours in an incubating chamber. 
On the other hand, I obtained relatively mttch larger quantities 
when I allowed the blood to stand in contact with a fifth part 
of its volume of a 2 per cent, solution of grape sugar. I only 
bring this forward here, however, to show that there is a 
poeeibilUy of the existence of a lactic acid-forming enzyme. 
Possibly I may succeed in finding more weighty reasons in sup- 
port of my view, in the further results of my experiments,, 
whioh are still in progress. 

1 Quoted by Neomeister, Ber, d. d, chem, Oes.^ xxxi., 2963, 1898. 



Digitized by 



Googk 



239 



B. THE OXIDISING FERMENTa 



CHAPTER XXL 

THE ALCOHOLIC FERMENTATION.' 

Historical — The earliest history of the transformation of fer- 
mentable sugars by yeast completely coincides with the history 
of fermentative processes in general. But this process, so 
eminently important in the practice of the manufacture of 
alcoholic beverages, was fittingly the type of fermentative pro- 
cesses in general, and when the subject was discussed as a 
whole it was, in the main, the tfinous fermentation which, aa 
the chief representative of theise processes, was thought of, 
though putrid and acid fermentations^ as differentiated by Stahl, 
were still recognised. 

There was much speoolation and investigation as to the nature of yeast,, 
the mtrogenouB character of which had been discovered, and in this 
connection special mention should be made of Fabbroni, who identified 
yeast with gluten, of Th^nakd, and of Foubcboy and others. It was 
found that nearly all animal and vegetable substances were able to jnroduce 
the " ferments" of alcoholic fermentation. 

Then, when the circle of facts requiring investigation had 
been considerably widened by the discovery of the unorganised 
fermenUf Liebig attempted to explain fermentative processes as 
a ^hole by means of his theory, which is described at length in 
the "General Part." But when, subsequently, through the 
researches of Pasteüb,' the great fundamental significance of 
small vegetable organisms for a great number of "fermentative '' 
processes was brought into the strongest relief, Liebig's energetic 
conception, the theoretical foundation of which showed serious 
defects, was forced into the background by the biological concep- 

^ The name Fermentation in this restricted sense is due to Foubgbot,. 
1787. 

' ^ "Pasieiar, IHe Alkoholgährung. German translation by Oriessmayer, 42» 
Second Ed., 187S, which gives the earlier history of the subject. 
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tion based upon the results of these researches. We have 
«hown that it was considered sufficient for the explanation of 
fermentative processes of this kind to ascribe them exclusively 
to the vital process of the micro-organisms, relinquishing every 
dynamic conception and definition, and thus creating in the 
organised ferments a complete antithesis to the enzymes. And 
in this circle of ideas, alcoholic JermenUUion by means of yeast 
again formed the prototype of the processes effected by organised 
ferments. The active ferment in the process was lost in the 
obscurity of vitalism, and could not, as such, be the subject of 
-discussion. Great energy was shown in the investigation of the 
iioital conditions and morphology of the ferment-^iarriers on the one 
hand, and, on the other, in studying the chemistry of the action 
of the ferment. 

If, now, we would consider the question of alcoholic fermenta- 
tion, in which we know by Buchner's experiments that the 
fermentative action can be separated from the vital process, as a 
part of the doctrine of fermeniaiive processes, it is certain that we 
must assign as much space to the chemistry of the reaction as 
was ever done before. But the case is different in discussing 
the biological part of our subject. If we start from the stand- 
point that the yeast cells are only the parent cells of the ferment 
properly so-caUedy we shall only assign to the biological descrip- 
tion of these organisms as much importance for our theme as we 
have also assigned to the morphological and biological description 
of the cells which produce unorganised enzymes. We shall thus 
not attempt any detailed outline of the natural history of yeasts, 
but, in general, merely touch upon them, and only treat them 
At length in so far as they are bound up with the fermentative 
process, whether with the production or the action of the 
ferment. 

The questions, e.g., of their botanical position, of their food, of 
the forms and conditions of their growäi, and of their reproduc- 
tion, are in themselves regarded as belonging to botany; only in 
MO far as the fermentative action is affected by these influences do 
these questions come within the scope of our discussion. 

But to these two already comprehensive sections a third 
must yet be added — the question of the ferment as such. Our 
theme thus falls into three divisions — ^the natitre and produc- 
tion of the ferment, the chemistry of its action, and the biology of 
the producers of the ferment. 

The Alcohol-Prodnoing Ferment. — As we have already re- 
peatedly stated, the phenomenon of alcoholic fennentation was» 
until quite recently, regarded as inseparably bound up with the 
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vital processes of a small number of lower fungi. Although 
individaal investigators came to the conclusion that, notwith- 
standing this, the alcohol-producing function of these micro- 
organisms was to be attributed to the activity oi ferments which 
differed, of course, from others in the fact that they could not 
be isolated from the cell, yet an overwhelming majority agreed 
with Pasteur's view that alcoholic fermentation was exclusively 
a purely vital metabolic process of the fungi. Just as, for 
example, in the case of the formation of carbohydrates and 
Proteids in higher plants, the production of alcohol was regarded 
as a vital process of the yeast cells. Such a theory of destructive 
processes within the purely vital process is, indeed, in itself not 
inconceivable, and even in cases where, beyond doubt, enzymic 
processes co-operate, as in the transformatübn of starch in plants, 
many authorities (0.^., Woetmann, p. 174), have arrived at 
the conclusion that, in addition to ^ action of diastase, and 
possibly exceeding it in importance, there is also an action on the 
part of the living active protoplasm. 

So long as it was not found possible to isolate ^ the enzyme of 
alcoholic fermentation from the vital process, no experim>ental 
solution of this problem, so important for the whole conception 
of the fermentative process, could be given, and opinion was 
opposed by opinion. 

Only a few results were published which could be cited in 
support of the view that the fermentative capacity and the life of 
yeast were not unconditionally connected, as, for example, the 
interesting observation of Fiechteb^ tha,t hydrocyanic add, whilst 
destroying the vital process and development of the yeast did 
not altogether check the fermentative action. When relatively 
larger quantities of yeast were present, hydrocyanic acid sup- 
pressed the fresh production of ferment as well as the vital 
process, but did not interfere with the action of that already 
formed. On the other hand, de Baby's ^ results pointed to the 
conclusion that it was possible — e.g,, in the case of certain species 
qfmucar to destroy the fermentative power without destroying 
Ufe. These facts, however, were never sufficiently convincing 
to displace the prevailing theory, any more than was the obser- 
vation of Ret-Pailhade * that an alcoholic extract of yeast 
(about 20 per cent.) produced carbon dioxide. 

^ Of the many fruitless attempts we may mention that of LüDUtsnoBn* 
{Poggend, Ann., Ixvii., 408). He asserted that yeast lost its aloohol- 
producing capacity on trituration. 

s Fiechter, Wirkg. der Blausäure, Diss. Basle, 1875. 

> de Bary, Vorleag, Ob, Bacterien, Leipzig, 66, 1886. 

« Rey-Pailhade, Comptea Rendu», czvui., 201, 1894. 
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It was thnSy tben, a scientific discovery of the first rank, wbm 
£. BucHNBB proved a few years ago that an enzyme existed which 
had the power, when isolated from the vital process^ of dec<Mn- 
posing sugar into alcohol and carbon dioxide. 

BucHNEB ^ proceeded in the following manner : — 

The yeast was triturated with quartz somd^ kiesdgtihr, and 
water, and then submitted to a pressure of 400-600 alTnospheres 
between double filter-press cloths. An expressed liquid was thus 
obtained. The residue was again treated in the same way, so 
that eventually 500 c.c. of pressed extract were produced from 
1 kilo, of yeast. It was a faintly opalescent liquid, rich in 
albuminous matter, and when filtered through a Chamberland 
filter, or even through filter paper, now contained the enzyme 
of yeast — zymase. This pressed extract could be evaporated to 
dryness at a low temperature (not exceeding 35** C.) without 
losing its fermentative power. It also retained this capacity 
when preserved in glycerin. 

Albert and Buchneb^ subsequently obtained by precipitation 
with alcohol and ether a dry preparation of zymase, which had 
not lost its alcohol-producing power even after being re-dissolved 
in glycerin and re-precipitated. The action of the proteolytic 
ferments, which would otherwise destroy the zymase, was 
prevented by this means. On the other hand, the liquid which 
spontaneously exudes from fresh yeast after being mixed with a 
few drops of ether does not, according to Adbian,' possess any 
alcohol-producing power, though it has an inverting capacity. 

Zymase is very unstable. When exposed in solution to the 
air it loses its activity after a few days, but it can be kept 
unchanged for a longer time in tightly closed vessels, or in a 
concentrated solution of cane sugar. Yeast which has been 
killed by keeping it for a year still contains active ferment 
(Will*). 

BucHKEB^ has recently found that yeast is killed by being 
heated in a current of hydrogen, but that the zymase still 
remains active, and can subsequently be extracted. 

It is destroyed at 40* to 50* C, coagulation occurring simul- 
taneously. With a longer exposure the decomposition takes 
place at even a lower temperature. On the other hand, it does 

1 E. Buclmer, Ber. d. d, ehem, Cfts,, zxx., 117, 1110, 2668; zxzi, 208» 
568, 1090, 1631 ; zzxii, 127, 1897-09. 

* Albert and Bachner, ßer. d. d. chem. Oes.^ zzxiü., 266, 971, 1900. 

< Adrian, BvU. g4n. d. Th6rap., 156, 1900, quoted in Chemihsruäg.^ 
76, 1900. 

* Will, Z. gea. Brauw., 20, 1896, quoted hjBMehmer. 
' Bachner, Ber. d. d, chem, Cfea., xxxiii., 3307« 
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not appear to be sensitive to the action of dry heat up to 100*" C, 
since yeast thus killed still contains active ferment. This capacity 
is lost at 150** C. Like a true enzyme it is fairly resistant to the 
action of chloroform, benzene, and toluene; sodium (vraeniie^ 
which is usually harmless, has sometimes an injurious influence, 
the cause of which has not yet been explained. It decomposes 
hydrogen peroxide ; as in the case of all ferments, this function is 
prevented by hydrocyanic add, which, however, is also injurious 
to the action of the ferment. Formalin and hydroxy lamine are 
injurious (Wb6blbwski ^), 

It is very sensitive to the action of proteolytic ferments, and is, 
therefore, according to Büchner, rapidly destroyed in pressed 
extracts which contain such enzymes. 

Gentle warmth increases its activity. 

Ammonium salts have but little disturbing influence, nor has 
eodium azoimide, hut .fluorides have a marked injurious eflect. 

The Nature of Zymase. — In spite of all attacks^ it has been 
established by Buchner's researches that alcoholic fermentation 
is not a vital process of the yeast, but that an active /ermen^ is 
present. 

If we describe this ferment, as many wish to,^ as protoplasmic 
/ragmentSy or the like, such a conception is as vague as that of 
those who would assign to ferments in general residues o/viUd 
force or similar nebulous attributes. 

Protoplasmic fragments, which pass through a Berkenfeldt 
filter, withstand a dry heat of 100" C, and the activity of which 
is not crippled by poisons, such as chloroform and arsenic, are 
manifestly no longer living protoplasm, and thus cannot exer- 
cise any vital functions. So long as no proof is brought forward 
to show that Buchner's expressed liquid contains living cells 
capable of reproduction, these speculative objections to Buch- 
ner's views, which are based on experiments carefully carried 
out, are absolutely purposeless. The fact, however, is certain, 
that the conversion of sugar into alcohol and carbon dioxide ia 
eflected by means of a soluble ferment in the absence of living 
cells. 

Whether now this enzyme be regarded as more or less com- 
plex, or whether a cJiemical nature resembling that of living 
protoplasm be attributed to it, is so much the less a matter for 
serious discussion, since the investigations as to the nature of 
zymase have up to the present yielded very little definite 

1 Wr6blewski, CerUralbl.f Phys., xiii., 284, 1899. 

^ As regards these, see Büchner, loc cit. 

> Abeles, Ber. d. d. chem. Oes,, xxxi., 2261, 1898. 
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information. Buchner is doubtless right in claiming for it an 
albuminous nature. 

The statement that the ferment differs in many particulars 
from other simple enzymes (Neumeisteb^ and Wr6blewski^) 
is quite correct. It shows both in its chemical behaviour — e,g., 
its infinitely greater sensitiveness — and also, in particular, in 
the conditions of its secretion, considerable differences from 
other enzymes. 

But these differences only show that it is an enzyme of a 
special kind, and one cannot, because it deviates in certain 
characteristics from other enzymes, therefore refuse to it alto- 
gether the character of an enzyme, the definition of which is, 
in the main, a dynamic one. Zymase completely fulfils this 
requirement; it is therefore an enzyme or, since we cannot 
regard this term as of primary importance, simply a ferment. 
One need not be surprised that it is the most firmly bound up 
with the protoplasm, or that it is the most sensitive in the dis- 
solved condition ; for we see that ferments which occupy an 
intermediate position as regards their firmness of attachment, 
such as invertase and urcue, are undoubtedly more sensitive than 
those which are readily separated, like pepsin and diastase, 
Büchner therefore regards it as closely related to the peculiar 
invertase of Monilia Candida (q.v.), which also cannot be isolated 
by ordinary methods. 

We must therefore conclude that alcoholic fermentation is 
brought about by an enzyme produced by the yeast cells, but 
that, unlike pepsin, &c., it is not secreted in a free condition in 
excess, but always diffuses only in trifling quantity from the 
body of the cell, being rapidly destroyed as soon as it has 
exerted its specific activity. Possibly there is also a fermenta- 
tion of sugar which has diffused into the cell in addition to this 
extra-cellular activity, as may also be the case in the inversion 
effected by Monilia Candida However this may be, we have 
theoretically a tvJie fermentative process to deal with here. 

The Chemistry of the Reaction.*— Until Lavoisier's researches 
nothing was known of the chemical process of alcoholic fermen- 
tation beyond the fact that alcohol and carbon dioxide were pro- 
duced by it. 

Lavoisier^ was the first to attempt to follow this process 
quantitaiivdy. He came to the conclusion that alcohol, carbon 

^Keumeister, Ber. d, d, diem. Gea,, zxxi, 2963, 1898. 
«WröblewBki, C,f, Phya., xii., 697, 1898. 

'Lavoisier, ISl^m. d, Chwi., i., 139 (2d Ed.); Awn. d. Cfhim., U., 238, 
1789; xxxvi., 116. 
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diaoßide, and acetic ctcid were inyariably produced. Although this 
conclusion, as regards a production of acetic acid, at least in the 
manner believed by Lavoisier, was false, yet an exact determina* 
tion of the resulting products was impossible on account of the 
deficiencies of the analytical methods which Lavoisier had at his 
disposal. Hence it was that Lavoisier represented alcoholic 
fermentation by an absolutely false equation, which has only 
acquired importance because, in a remarkable manner, the 
different errors compensated one another in such a way that the 
sum total of the resulting products almost corresponded to the 
quantity of sugar used.^ 

It was not until the actual composition of sugar itself and of 
cUcoIiol had been determined by more accurate analyses, nor 
until it had been proved that acetic add was not a norrruu pro- 
duct of alcoholic fermentation, that it became possible to replace 
Lavoisier's erroneous equation by a better one. This im- 
portant advance was made by Gat-Lussao,^ who constructed 
an equation which, translated into our present-day formulse, 
reads : — 

CeHjjOg = 2OO2 + 2C2H5.OH. 

Gay-Lu88ao, however, also made a mistake in assigninff the equation to 
eane stigar by an arbitrary alteration of figures, whilst, in reality, it 
belonged to grape sugar. This mistake was discovered by Dumas and 
BoxriiiiAT,' who corrected the equation and made the far-reaching observa- 
tion that cane sugar could not ferment without first taking up a molecule 
of water. 

This equation accurately represents the main course of the 
reaction. Certainly, however, it has been restricted by the fact 
that alcohol and carbon dioxide are not the only products of the 
fermentation ; but to this we shall return presently. 

If, for the sake of convenience, it were safe to assume that a 
large proportion of the sugar were decomposed eocaclly into 
alcohol and carbon dioxide, whilst the by-products were formed 
independently from other portions of sugar, this equation would 
be quite justifiable and free from objection. 

If, however, we quantitatively follow the fate of the total 
quantity of sugar, this equation does not hold good« 

Thus, part of the sugar is, as Pasteur has shown, altogether 
withdrawn from the fermentative action, in one sense, by the fact 
that the yeast consumes and assimilates it — i.e,y that it derives 
from it a part of the necessary carbon for its development. 

^For further particulars, see Kopp, Oesch. d. Chemie, iv., 207 ; and A. 
Mayer, Oährungschemie, 21, Heidelb., 1895. 
^Gay-Lussac, Ann. d, Ohimiey xcv., 311, 1815. 
' Punas and Boullay, Ann, Chim, Phya., xzxvii., 45, 1828. 



Digitized by VjjOOQIC 



246 FERMENTS AND THKIR ACTIONS. 

Another portion is possibly converted into by-products in a 
process distinct from the fermentation proper, so that, on this 
assumption, only a part of the sugar undergoes the true alcoholic 
fermentation as represented by the above equation. 

There are many facts -which support the view that the forma- 
tion of by-products is a process which occurs simiUtaneously with 
the true fermentation, although the point cannot be decided 
with certainty. 

Thus, for example, the quantity of by-products formed, even 
in normal alcoholic fermentations, varies considerably, and is 
influenced by external conditions. Biological factors, in par- 
ticular, especially such as have an influence on the vital energy 
of the yeast cells, play a part in the process, as we shall see 
below. Taking into consideration the constancy of the chemical 
nature of other fermentative processes, it is far more probable 
that these external factors influence the vital process of the yeast 
eeiUs than the fermentative process. We might thus assume that 
the formation of these by-products belongs to the domain of the 
metabolism of the organisms themselves, and that they thus 
represent typical excretory products, which would naturally 
show somewhat variable numerical ratios, according to the 
biological conditions. They would thus be as little "fermenta- 
tion-products" — alcoholic fermentation-prodticts in the theoretical 
signification — ^as the products of the undovhtedly purely biologi- 
cal transformations which the yeast organism effects from the 
sugar utilised by it for its nourishment; from which it constructs 
the substances of its cells— cellulose, fats, proteids, &c,, which, 
under no circumstances, can we recognise as fermenta4,ionrprO' 
ducts. It is also, again, apparent here how extremely important, 
even practically^ is the sharp differentiation between the 
fermentative /uno^'on and the biochemical transformations within 
the protoplasm of the organism which eflects the fermentation; 
and we shall not be surprised that Pasteur did not aucceed in 
also including these decompositions in a simple equalion of the 
process of ferm&niaiion^ and that A. Mater ^ also left the question 
undecided. In practice it would naturally be the most simple 
plan, if it were possible, to prove that the characteristic fer- 
mentative process was confined to a simple decomposition of 
sugar into alcohol and carbon dioxide, whilst all other processes, 
which, in comparison, quantitatively fall far behind it, were to 
be attributed to the m^taholic processes of the yeast. We should 
then have the simplest conceivable scheme : on the one hand, 
the typical fermentative process acting upon a given part of the 

* Mayer, loc cU., 26. 
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«agar and always following a regular coarse ; and, on the other 
hand, the vital process of the ferment-carriers, depending on the 
biological conditions, requiring, according to these, a greater or 
smaller proportion of the sugar for nourishment^ and leading to 
secondary decompositions. 

From the vital process — i.e., the respiration of the micro- 
organisms — there also results an increased formation of carbon 
dioxide, as compared with the quantity required hy the 
fermentation equation — a fact which Pasteur was long ago 
able to establish. 

On the other hand, however, it is not at present possible to 
prove that at least the regular production of the two most 
important by-products, succinic acid and glyceriny which only 
varies within slight limits, is to be attributed to another 
ferment, or rather to two other fermentSy which also effect these 
specific decompositions — ^an idea which has been conceived, e.^., 
by DuCLAUX.* 

This question cannot yet be definitely decided. In any case, 
however, we must, from our consideration, come to the conclu- 
sion that, under no drcumstances, are the synthetical transforma- 
tions which the sugar undergoes within the yeast cell to be 
attributed to the fermentative process, and that our liotions on 
the nature of this process, regarded from a purely theoretical 
point of view, will inevitably gain clearness if we regard the 
main process as a simple one which exactly follows the coarse 
represented by the equation 

O^HiaOe = 2OO2 + 202Hß.OH. 

The question then arises — ^Under what category of fermenta- 
tive processes may we place this process ? Thus, at first sight, 
it may be assigned either to the hydrolytic or to the oxidising 
decompositions. The absorption of the elements of water takes 
no part in the process, if we take into account only the final 
condition, although it may well be assumed that an intermediate 
absorption and liberation of water co-operates, since the process 
occurs exclusively in aqueous solution. For the purpose of 
classification, the process may be defined as one of oxidation, in 
which, of course, no free oxygen is taken up, but in which part 
of the molecule is oxidised to the highest stages of oxidation at 
the expense of the other parts. In this process the intermediate 
moving of the oxygen results in its accumulation in one part of 
the molecule, which, in consequence, then undergoes decomposi- 
tion (Babteb '). 

^ Daclauz, Ann, Inst, Pasteur, zL, 348, 1897. 
i Baeyer, Ber. d, d, chem, Oes,, iii., 73, 1870. 
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We can the more readily, with all reserve, classify this pro- 
cess as one of oxidation iui generis, inasmuch as it is a combustion 
phanomenon — id., is accompanied by a liberation of energy in the 
form of heat. It is thus exothermic, and in this respect satisfies 
the requirements which we expect in a fermentative process. 

We can therefore, though not without a mental reservation, 
assign it to the oxidising fermentative processes. 

The By-Products. — ^Whilst, as we have mentioned, the pro- 
ducts regularly formed to a preponderating extent in alcoholic 
fermentation are alcohol and carbonic acid, there are also formed 
as constant products in every normal production other sub- 
stances, and, above all, glycerin and succinic acid, which are also 
met with in fermentations with pure cultivations of yeast, so that 
their presence is not due to foreign micro-organisms.^ 

Pabteur ^ detected these substances in 1858, and, at the 
same time, succeeded in preparing them from the mixed fermen- 
tation-products in a pure condition. 

Eds method oonsifited essentially of filtering the liquid from the yeast, 
freeing it b^^ lone-oontinued evaporation from alcohol and carbon dioxide, 
and extracting toe residue with a mixture of alcohol and ether, in which 
both glycerin and succinic acid are soluble ; the succinic acid was con- 
vertea into the calcium salt, the glycerin removed by a fresh extraction 
with alcohol-ether, and the succinic acid obtained in the form of its crystal- 
line calcium salt. This method was subsequently modified— «.(;r., by Frrz 
and Clausnitzeb' (for the estimation of the glycerin). 

A suitable method of determining succinic acid is described by Labokdk 
and MoBEAU.^ 

Pasteur found that the amount of glycerin formed in normal 
fermentations varied between 2*5 and 3*6 per cent., and that of 
the succinic acid between 0*4 and 0*7 per cent, of the fermented 
sugar. 

Pasteur then attempted to also include in a comprehensive 
equation the part which these constant by-products played in 
the process. We have already expressed the opinion that it 
would be much more suitable for the prosecution of our theo- 
retical considerations to separate this process from the charac- 
teristic fermentative process, and merely to assign it either to a 
fermentation proceeding on parallel lines or to the metabolism of 
the yönnen^carr^«r». 

Although the numerical variations in the yield of glycerin 
and succinic acid are but trifling, they are yet capable of deteo- 

^ For the literature, see Flügge, Micro-organismen, 226, 1896. 
3 Pasteur, Die Alco?u>lgährung, 9 {vide ir^ra), 
'Cf., ijiter alios, Thyhnann and Hilger, Arch,/, Hyg», viii., 451. 
'*Laborde and Moreau, Ann^ Inst, JPast., 657, 1899. 
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tion; they depend, above all, in great measure upon &ctors 
which have a special inflaence upon the quality of the yeast ^ 
Pasteur himself had clearly shown that the slower the course of 
the fermentation, the greater the quantity of by-products formed. 
A. Maybb ^ further asserted that a larger amount was also pro- 
duced in neutral fermenting liquids which were less " adapted " 
to the yeast than in slightly acid liquids. This is also supported 
by the results obtained by Effbont ^ and Bbefbld,* who found 
that they were produced to a special degree when only weak 
alcoholic fermentation was proceeding — e,g,j in the last stages of 
yeast fermentation — or in mucor fermentations. On the other 
hand, according to Effbont,' yeast which has been '^ acclima- 
tised " to sodium fluoride forms less glycerin. 

All these f^ts might, indeed, be interpreted as signifying that 
when the fermentative function of the yeast falls relatively 
behind, whilst the vital transformation of energy, the meU^ 
holism, has remained absolutely the same or has been injuriously 
affected to a smaller extent, the fermentative main process is 
apparently more injured than the other decomposition-processes 
which lead to the formation of by-products. 

A weighty argument in support of this view is the example 
given that moulds of less fermentative capacity, such as certain 
species of mucor, form relatively more by-products. But particu- 
larly interesting is the discovery of v. Udbansky " that glycerin 
is produced without the liberation of carbon dioxide after the 
death of the yeast, and under conditions resembling those in 
which all alcoholic fermentation is out of the question, notably 
in culture-media containing no sfogar. 

Maoh and Pobtele ' state that aerated yeast produces more 
glycerin than that deprived of oxygen, although ^S^iid fermjerdaiive 
activitj/ of the yeast is weaker when oxygen is introduced in 
abundance. Moreover, according to Bau,^ the amount of suc- 
cinic acid formed is relatively independent of the production of 
glycerin. At a lower temperature (which involves the weakening 
of the metabolism) less glycerin is produced, but more is formed 
when the yeast has an excess of nourishment ; the production 

^ Cf., inter cdioe, Thylmann and Hilger, Arch^f. Hyg,, viii., 451. 

^ A Mayer, loc, cU,y 28. 

'Effix)nt, Comptea Hendue, cxix., 92, 1894. 

^Brefeld, Landtoirtech. Jahii}., 281, 1876. 

•Effiront, Oomptea Rendua, cxix., 169, 1894. 

* V. Udnufiky, Z. /. phyeiol. Ch,, xiii., 539. 

' Mach and Fortele, LandwirthaiA. Verauchaatai», xli., 1892. 

"Ran, Arch./, ffyg., xiv., 225, 1792. 
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of saccinic acid, however, is not influenced to any extent by 
these conditions. 

Whether zymase produces glycerin and succinic acid is not 
stated in the puhlications which have yet appeared. It is also 
difficult to prove, taking into account the usually trifling extent 
of zymase fermentation. A definite negative result would natu- 
rally be of the greatest importance for this question. 

In addition to glycerin and succinic acid, a very minute 
quantity (about 0'05 per cent.) of acetic acid is also invariably 
formed in normal processes of alcoholic fermentation (Duolaüx^). 
Its quantity is so small that its formation can hardly be regarded 
as a primary product of the typical fermentative process, and, 
moreover, it shows a significant increase as soon as the biological 
qualities of the yeast are influenced by pathological processes. 
Besides, it is only by observing quite exceptional precautions 
that it is possible to avoid the formation of more acetic acid as a 
secondary product from the alcohol, so that in practice even 
normally fermented beverages — 6.^., wines — contain more than 
0*1 per cent, of acetic acid.^ 

As regards other suhstances in the fermentation -products, Pasteur 
himself found a very trifling residue of nitrogenous substanoe, which 
he did not examine. Claudon and Morin^ also discovered, though» 
of course, not in fermentations of undoubted purity, small quantities of 
amyl alcohol^ and another substance which thoy regarded as UdbutyUne 
glycocoUy (CH,)2C(OH).GH30H, besides traces of other substanoes. 

Moreover, Mater rightly observes that one must in any case 
conclude that each specific yeast must produce, although often 
to a very trifling extent, special compounds imparting the odour 
and flavour, to which particular beverages owe their special 
value. We may thus, in the present condition of aflairs, venture 
to regard all these by-processes as independent of the typical 
fermentative process, and to be attributed to the vital process of 
the yeast. 

Such substances are, 6.^., traces of aldehyde (Roesbr^), par^ 
ticularly when the air has access, and aceial; theu the higher 
alcohols (fusel oils) in the mixed products of spirit fermentation 
(LiTUDKr^), furfurcU, and the substances to which wines owe their 
bouquet, consisting of acid esters and ethers. 

^ Duclaux, quoted by A. Mayer, loe. ciL, 29. 

*A. Mayer, loc, cit., 30; c/, on the other hand, Manmep^, Oompte» 
JRendus, Ivii., 398, 1863. 
> Cluudon and Morin^ Camptea Eendus, civ., 1109, 1887. 
« Roeser, Ann. Inst, Pasteur, vii., 41, 1893. 
• Lmdet, Comptes Eendus, cvii., 182, 18S8 ; cxii., 102, 1891. 
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The Sabstratain of the Process of Alcoholic Fermentation. — ^The 
moat important discovery from a theoretical point, of view in the 
investigation of what sugars can be fermented into alcohol is 
the law that in general only sugars with three, six, and nifie 
carbon atoms are accessible to the action of the alcohol-producing 
ferment (E. Fischeb ^). The trioee^ which is produced by the 
oxidation of glycerin as a mixture of glyceric aldehyde^ 
CH2OH.CHOH. CHO,and c^ioxyaccto/WjCHg. OH. CO. CHj. OH, 
and the various nonaaes are only of synthetical occurrenoe, and 
have no special practical significance. On the other hand, it is 
noteworthy that the perUosea {arabinoee, xylose, rhamnoae, d;c.), 
which are so widely distributed in nature, do not undergo 
fermentation, but only the hexoaes of the formula C^H^gO^.* 
Here, too, however, we find the peculiar dependence of fermen- 
tative processes on the stereo-chemical configuration. Of all the 
aldehydic sugars the only fermentable ones are d-glucoae (grape 
sugar), d-mannoae, and d-galactoae, whilst, e.g,^ gulose, talose, and 
idose are no more fermentable than the Iforma of the sugars 
mentioned above. A special position is occupied by d-galactoae 
in this respect It \& fermentahte, but only by yeasts which are 
nioclimatiaü to it, which, in the case of certain yeasts, can be 
done with more or less ease. This acclimatisation can also be 
again withdrawn, notably when there is energetic development 
of the yeast, or when it is fed with peptonea. Dienert^ has 
studied these questions closely. S. apiculatua is stated to have 
no fermentative action upon galactose (Yoit^). Of the ketoaea 
only d-fructoae is known with certainty io be capable of fer- 
mentation. The individuality of Lobby db Bbuyn*8^ -^/ructoae^ 
which is said to be equally fermentable, has not yet been 
established beyond doubt. On the other hand, aorboae and 
tagatoae are not fermentable. 

To this extent it can be determined how far sugars are 
directly accessible to the alcohol-producing ferment of the yeast. 
Yeast, however, is also capable of converting higher carbohy- 

* Pisoher, Ber, d, d. chem. Ges., xxiii., 2137, 1890. 

' Great doubt has, moreover, been thrown on the fermentability of 
glycerose by Emmebling {Ber, d. d. chem, Ges,, xxxii., 842, 1399), and 
on good grounds. He found that neither glyceric aldehyde nor diozy- 
acetone, nor fresh glycerose, was fermentable, but that fermentation 
only took place elfter heating, so that one may rathe^ come to the 
conclusion that there is here a polymerisation into a fermentable 
hexose. 

> Dienert, see, e.gr., Ann. Inst. Past., xiv., 139, 1900; Chem. CeniroM,^ 
i., 10.33, 1900. 

< Voit, Z,f. Biol., xxix., 149, 1892. 

' Lobry de Bmyn, Becueil dea Trav, Chim. dee Paye-Baa,, 1897^. . 
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drates. In the chapter on saccharifying ferments we have 
shown at length that in addition to the alcohol-forming ferment 
which is attached to it, the yeast cell also produces a series of 
enzymes, which first transform the complex carbohydrates into 
hexoseSy and thus render them accessible to the action of the 
typical ferment. We have seen that yeast can decompose starch 
by means of diastase, cane sugar by means of invertase, maltose by 
means of maltase, and trehalose, melthiose, &c., by the corre- 
sponding enzymes. Most yeasts are unable to ferment lactose, 
but there are, on the other hand, special yeasts which produce 
an enzyme, lactase, which decomposes lactose, and then ferment 
the decomposition-products, d^lucose and d-galactose. It is 
remarkable that in these lactose yeasts nialtase is absent, so that 
they cannot attack maltose. Maltase and lactase thus appear to 
be antagonistic in yeast. Others, too, like S, marxiamcs^ &c, 
contain no maltase. Some, e.g., like ^\ apiciUatvs and S, octosparus, 
contain no invertase, so that they are unable to attack cane sugar. 

The polysaccliarides are naturally as little capable of direct 
fermentation. The fact that the dextrin which is formed in the 
action of diastase upon starch is eventually almost completely 
fermented (Barfoed^) is attributed to a slow action of the 
maltase (see p. 196). According to Koch and H.osmjjs,'^ glycogen 
does not undergo fermentation, but the reverse is the case with 
the rarer polysaccharides, helianthin, and synarthrin, which 
Tanret^ discovered in the roots of Jerusalem artichokes. 
Within the limits of fermentability further differences are 
apparent in the velocity of the fermentation of different hexoses. 
Thus, drfructose is fermented more slowly than d-glucose, and, in 
consequence, cane sugar more slowly than maUose.^ In the latter 
case (cane sugar), too, the amount oi fructose fermented is less 
than that of the glucose, as was long ago shown by the fact of 
the decrease in the Isevo-rotation of the invert sugar being too 
small (Dubrunfaut"). 

Zymase ferments glucose and fructose at the same rate, and 
galactose more slowly, but does not attack lactose, mannite, kc. 
Cane suga/r is fermented by it after being first inverted by the 
invertase contained in the expressed extract (Büchner ^). 

I Barfoed, Jouni. pr. CK, N.S., vi., 334, 1872. 

3 Koch and Hossus, C. /. Bakt,, xvi., 145, 1894. 
> Tanret, Comptes Rendus, crrii., 50, 1893. 

4 Jodlbauer, Zeits, d. V, /. RUbenaBUckennd,, 308, 1888, quoted by A. 
Mayer, loc. cU, 

s Dubnmfaut, quoted by Qn^vemie, J. pract. Ch,, ziv., 334. (See ako 
Boarqnelot, C. R. Soc. Biol., 191, 221, 356, 1885.) 
* Büchner, loc. cit. 
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The velocity of the enzymic decomposition of polysaccharides 
does not stand in any constant relation to the velocity of 
alcoholic fermentation, but, on the contrary, this relation varies 
greatly in different species of yeast^ 

Physical Conditions of Alcoholic Fermentation. — Alcoholic 
fermentation proceeds best at about 25° C, but the optimum 
temperature varies with the external conditions. 

Even below 53' 0. the fermentation ceases; in bottom 
fermentations sometime^ as low as ^S° C, though, on the 
other hand, it still occurs at about 0® 0. The optimum tempera- 
ture differs in the case of top- and bottom-fermentation yeasts.* 
Dry yeast resists enormous variations of temperature, from 
- 113" C. (BertS) to about 100° C. 

Accordiug to Dumas ^ the duration of the fermentation is 
approximately proportional to the amount of sugar present; 
according to A. Brown,^ however, this only holds good for con- 
centrations of 10 to 12 per cent. In the case of higher and 
lower dep^rees of concentration less is fermented. Cochin ^ has 
measured the time occupied by it by continuously determining 
the quantities of carbon dioxide evolved. He found that the 
fermentation first began after ten to twentv minutes, which was 
attributed to the slow diffusion through the membranes of the 
cell. A. Brown ^ then plotted the curve of the evolution of the 
gas, and found that it differed considerably from the curve 
of ordinary chemical decompositions. According to Brown 
{loc, cit.) and Gayon and Dubourg,^ diffusion plays but a very 
alight party if any at all, since the sugar is not fermented in pro- 
portion to its'diffusibility. 

We cannot deal with the influence of other physical and 
chemical agents until we come to the biological side of our 
subject, since this question is inseparable from the consideration 
of the biological significance of these agents. 

The Evolution of Heat in Alcoholic Fermentation.— In the 
simple enzymic processes we had no need to trouble about a 
consideration of the thermodynamic relations. In that case we 
had to deal with hydrolytic decompositions, which were also 
effected by chemical agents, and in which the thermic conditions 

^ Hiepe, referred to by Duclaux, Ann, Inst. Past,, xi., 348, 1897. 

^ A. Mayer, loc, cit,, 149. 

• Bert, Comptes Hendus, Ixxx., 1579. 

^ Dumas, Ann, Chim. Phys, [5], iii., 67, 1874. 

« A. Brown, Jowm, Chem, Soc., Ixi., 369, 1892. 

< Cochin, Comptes Bendus, ex., 865, 1890. 

^ Gayon and Dubourg, Comptes Eendus, ex., 865, 1890. 
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of the different substances were investigated in these simple 
decompositions. 

But here we have to deal with a process 8ui generis; only in 
the alcoholic fermentation itself can the heat evolved by the 
conversion of sugar into alcohol and carbonic acid be measured. 

Such experiments have frequently been made. Dubrukfaut ' 
found that the increase of heat in the fermentation of a 12 per 
cent, solution of sugar was equal to that which would raise 
the heat of this solution by about IV C. = 0*134 of the heat 
which the carbon of the resulting carbon dioxide would yield in 
a direct combustion. Bebthelot ' estimated the positive mani- 
festation of the heat of fermentation at -^-^ of that which the > 
same quantity of sugar would produce if burned completely. 

FiTZ ^ was the first to attempt to avoid the mistakes which 
were made in these early experiments, through no notice being 
taken of the positive increase due to the he<U of soltUian of the 
sugar and of the Iieat produced by the mixing of the alcohol^ and, 
on the other hand, of the negative influence of the energy 
consumed in the escape of the carbonic acid. All these ÜEU^tors 
were taken into account by him. 

He found that an 18 per cent, solution of sugar was raised in 
temperature 21* C. on fermentation, but that 6** was due to the 
positive evolution of heat oiUside the typical fermentation 
process. 

Is there an Alcohol-Producing Ferment unconnected with Teast ? 
— The theoretical view that alcoholic fermentation is also a 
true fermentative process would naturally be considerably 
strengthened if we succeeded in discovering an analogous process 
as an enzymic action independent of yeast. 

Hardly any serious investigations, like those of Büchner, have 
been made to discover an enzyme of alcoholic fermentation in 
other environments. And yet there is a possibility that such 
ferments actually do exist. Under certain conditions, for 
instance, there is a formation of alcohol and carbon dioxide in 
living organisms. 

In higher plants^ in particular, the formation of alcohol has 
been observed when oxygen was excluded. This fact was 
discovered by Eollo,^ and has since been repeatedly con6rmed. 

At a later period the question of the spontaneous formation 

1 Dnbmnfant, CoTnptes Bendtts, zHi., 945, 1856. 
^ Berthelot, Comptes RenduM, liz., 904, 1864. 

3 Fitz, Annal, d, Oenohg., ii., 428. Quoted by A. Mayer, he. ciL, 161. 
* Hollo, quoted by Pfeflfer, PflamemphysiologUy Leipzig, 363, 1881 (gives 
the old^r literature). 
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of alcohol and carbon dioxide in plants was stndied, notably by 
Pasteur/ Müntz,^ Traube,' and Lechartier and Bellamy.* 
Alcohol is mainly produced when air is excluded — e.g.j in the 
interior of the trunk (Deyauz,^ Berthelot ^), in the seed 
(Maz67), &c. 

Even in plucked fruiU^ alcohol frequently occurs (Dumont,® 
DöBEREiNER,^ Gmelin *^). Yet we must take into account here 
the possibility that mould-fungi may have been able, in spite of 
precautions, to penetrate from the exterior surface (Brefeld ^^). 
Evolution of carbon dioxide {withoiU alcohol) was observed by 
Cahours^^ in plants when oxygen was excluded, and in fresh 
fruit ; and by Böhm ^* in green leaves which were kept under 
water. Effront,^^ too, claims to have detected zynuue in 
eherriMy but has not looked for alcohol. 

On the other hand, many mould-fungi produce alcohol in their 
cells when oxygen is excluded — e,g.^ Aspergilltts (Pasteur), 
FeniciUium, Botrytis and species of Oidium (Brefeld"). Closely 
connected with these observations is the fact that yeast cells 
ferment themselves when kept in the absence of oxygen in solu- 
tions containing no sugar. In this process alcohol and carbonic 
acid are formed, in addition to the products of proteolytic 
ferments {q»v.). 

The statement of Schunck '° is also interesting — ^that^ in the 
fermentation of madder, the decomposition of rvherythric cusid 
by erythrozyme (q^v.), the production of alcohol, succinic acid, 
and carbon dioxide can be detected. As Schunck himself 
admits, the experiments, which were put aside for a long 
time, were not made under conditions ensuring the absolute 
exclusion of micro-organisms. He intends to repeat them, and 
we may look forward with interest for his results. 

1 Pasteur, Comptes Pendus, hex v., 1056, 1872. 
« Müntz, Comptee Bendua, Ixxxvi., 46, 1878. 

* Traube, Ber, d. d. chem, Qes,, vii., 885, 1874. 

* Lechartier and Bellamy, Comptea Rendua, Ixix., 466, 1869; Ixzv.» 
1204; bucix., 949, 1006. 

* Devaux, Comptea Rendtia, cxxviii., 1346, 1899. 

* Berthelot, Comptea Rendua, cxxviii., 1^66. 

7 Maz4, Cornptea Rendua, cxxviii., 1608, 1899 ; cxxx., 424, 1900. 
« Dumont, Trommsdorffa Joum/f. Pharm,, iii., [2], 563, 1819. 

* Döbereiner, Schweigger'a Journ./. Chem,, liv., 418, 1828. 

^^ Gmelin, Handb, d. theoret. Chemie, ii., 1103, 1829. Quoted by Dopping 
and Struve, loc. cit, 
" Brefeld, Landw. Jahrb. (Thiel), 827, 1876. 
^ Cahours, Comptea Rendua, Iviii., 495, 635, 1864. 
M Böhm, Sitzh, Wiener Acad,, Ixvii. [1], 211, 1873. 
1^ Effront, Lea Diaataaea, 302. 
^* Schunck, Ber. d. d. chem. Cfea., xxzi., 309, 189& 
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Substances of an alcoholic nature also occur in the bodies of 
animals, and have been investigated by Böhmann.^ 

Since there was at least a possibility that the sugar-decom- 
posing glycolytic ferment (q.v,) in the blood might be an alcohol- 
forming ferment, as the liberation of carbon dioxide has been 
observed in the course of its action ; I have made several series 
of experiments. In these I have allowed a solution of sugar to 
stand in contact with fresh blood, with precautions to prevent 
putrefaction, and have invariably been able to detect in the 
distillate a very slight quantity of a substance which yields 
iodoform, and which is not acetone. The control experiment 
with blood alone, however, yielded a distillate (on continued 
distillation) not completely free from this substance, and a 
closer examination was impossible with such very minute 
quantities.^ 

1 Rohmann, Z.f. physid, Ch., v., 103. 
^ Unpublished experiments. 



Digitized by 



Googk 



2Ö7 



CHAPTER XXII. 

THE BIOLOGT OF ALCOHOLIC FERMENTATION. 

Occorrence of the Alcohol-prodadng Fennent. — Since alcoholic 
fermentation has, hitherto at least, only heen observed in the 
closest connection with a series of vegetable organisms, the 
discussion of this subject falls under the head of the biological 
side of our problem. The investigations into the ultimate cause 
of alcoholic fermentation became part of the history of yeast- 
organisms, from the moment when, by the classical researches of 
Pasteur, the significance of these living vegetable cells was 
irrefutably demonstrated. Prior to that the theory of Gat- 
LussAG,* of which an outline was given in the general part — viz., 
that oocygen was the immediate cause which determined the 
occurrence of alcoholic fermentation — was the one which in 
general predominated. And when at length the significance of 
the living cells was recognised, it required a very long time and 
a hard struggle to lay the ghost of the opposing theory. 

The discovery that yeast consisted of round bodies was made 
by Leeuwenhoek,^ who, however, did not draw any far-reaching 
conclusions from the fact; nor had the casual statements of 
Desmazieres,^ who concluded that yeast possessed an organised 
structure, any greater importance. 

The real scientific discovery of the yeast-fungus was after- 
wards made almost simultaneously by Oagniard-Latour' and 
Schwann,^ whose conclusions received further support from the 
results published shortly after by Turpin,^ Kützing,^ and 
BoucHARDAT.^ Schwann then opposed Gay-Lussac's theory on 
the grounds that even in the presence of free oxygen no/ermerUa- 

^ For farther particulars, see A. Mayer, loc. cU., 37-40. 

* Quoted by Pasteur, Die Alkoholgährg., loc. cU., 42. (See also Kutzing, 
loc. cU.). 

s Oagniard-Latour, Ann. d. Chim. et Phys. [2], Izviii., 206, 1836. 
^ Schwanu, Poggendorffs Ann., xli., 184, 1837. 
^ Kutring, J. pr. Ch., xi., 386. 

* Bottchardat, Comptes Rendw, xviii., 1120, 1844. 
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tion resulted when the air in the vessel had previously been 
strongly heated ; and that fermentation also failed to appear on 
continually introducing fresh quantities of air which had 
previously been heated. From this he concluded that although 
the germs of the vegetable organisms which were required for 
the production of the fermentation process could be introduced 
into the fermentable liquid through the agency of ordinary air 
they were not conveyed by air which had been freed from all 
life by being exposed to a red-hot temperature. 

The prevailing opinion in Germany was strongly opposed to 
these results. The micro-organisms of yeast were partially 
ignored and partially held up to ridicule in the most bitter 
fashion.^ We have described, in the general part, how Liebig 
himself absolutely refused to be convinced, even at a later date, 
of the intimate connection between the living fungi and alcoholic 
fermentation, and how, regardless of this, he formed and defended 
his decomposition theory. And thus an extraordinarily stubborn 
battle raged between the newly-formed biological opinion 
which was upheld, notably by Pasteur, and that of the older 
school, whose leader was Liebio.^ As we now look back upon 
the whole affair, it is much to be regretted that the supporters 
of a dynamic fermentative activity, independent of life, 
placed themselves in such direct opposition to Pasteur and his 
school by denying the biological facta ; for thereby they were 
really the first to assist the pnrely biological conception to a 
victory, which also strongly attracted into sympathy with it the 
theoretical explanation of the process of fermentation. It would 
surely not have led to such a fundamental separation of 
''organised'' ferments and enzymes, if the supporters of the 
dynamic conception had plainly admitted t\ie fact that alcoholic 
fermentation, and other similar processes, really did stand in a 
very intimate connection with the cells of the yeast; but. had 
instead raised the question of how far this undisputed con- 
nection with living organisms brought us nearer to an expLawk- 
tion of fermentative processes. As a matter of fact, although 
the discovery of this connection, apart from its great importance 
to the fermentation industriea, has a special significance for the 
question of the origin and biological position of ferments in 
general, and for the classification of these special fermentative 
processes; yet it cannot give us an explanation of what a 

^ See the lilly parody in Lub. Atm.^ zzix., 100. 

3 See, e.^., Schmidt, Ann. Chan, «. Pharm, ^ Izi., 168, 1847, who pre- 
tended to have observed fermentation prodnoed by clear filtand yeast- 
eztraot, and regarded the chemical theory as " propred." 
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fermentatiye process is. On the other hand, the purely biological 
conception renounces all dynamic investigation of the fermenta- 
tive process ; it reduces the problem to one of the phenomena of 
the vital process which offers to us so many enigmas, and claims 
to have given an " explanation '* of a new problem, by grouping 
it with an old equally unsolved problem. Thus, in reality, the 
fight was not for the same object. Liebig contended for a 
theoretical conception ; Pasteur, primarily, for a biological connec- 
tion. It is true that Pasteur also formed a tlieory of the action 
of yeast, based upon his biological discoveries ; but, on the one 
hand, this was also purely biological, completely separating the 
process of alcoholic fermentation, even in theory, from other 
fermentative processes ; whilst, on the other hand, it could be 
shown to be false in its special assumptions. But since Liebig 
also opposed the facts on which this biological conception was 
based, as well as all intimate connection between vital activity 
and fermentation, it followed that with the refutation of his 
objections his whole point of view had also to give way in 
favour of Pasteur's conception based upon victorious facts. 
And it soon became perfectly clear that in the process of alco- 
holic fermentation, living «ells actually did play the important 
part which Cagniard - Latour and Schwann had ascribed to 
them. 

Proofs which confirmed and extended Schwann's results in- 
creased. Helmholtz ^ found that alcoholic fermentation did not 
pass through membranes — a fact which supported the conclusion 
of living non-difiusible cells being the cause ; Schröder and v. 
DüsCH^ showed that mere filtration of the air through thick 
cotton-wool filters was sufficient to prevent fermentation in 
liquids. All these experiments, however, were incapable of 
breaking down the resistance of the opponents of this view* 
Then Pasteur^ entered the lists, and his experiments proved, 
with absolute certainty, that living germs were really necessary 
for the production of fermentation, and that these living germs 
very rapidly gained admission to liquids as soon as they were 

^Heimholte, J, pr, Ch», zxzi., 429, 1884; (f., on the other hand, 
Döpping and Strove, /. pr. Ch., xli., 41, 255, 1847. 

^ Schröder and v. Dusch, quoted by Mayer, loe. cit., 55. 

'Pasteur made known the resulte of hie researches in numerous pubh'ca- 
tions. See, irUer a/ia, Comptea BenduSy L, 304, 849, 1083; li., 348, 675; 
Mi., 1200; Aim. d. Chim. et. Phya. [3], Iviii., 323; [4], xxv., 145 (against 
Liebig) ; also his general survey in Etudes sur la hi^ ; Etudes sur 
le vin; and Die AlkoJidgährung, German translation by Qriessmayer» 
Stuttgart, 1871, 2nd Ed., 1878. See also the brilliaDt critioal survey by 
Dumas, Ann, de Chim, et Phys, [5], Hi., 57. 
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exposed to the air; but that, on the other liand, fermentable 
liquids could be kept for a very long time unchanged, provided 
that the ordinary atmosphere were excluded from them. More- 
over, Pasteur was able to collect the germs of those organisms 
on the filters through which he had passed the air, and to cause 
fermentation by their means in liquids which had previously 
been boiled, and were thus free from germs. He also showed 
that on high mountains, where the air contained very few 
germs, the liquids could usually be exposed to the air for a 
time, by opening the flasks, without undergoing fermentation. 
In addition to this, he strengthened the supporters of the biolo- 
gical view by the fact that he was able to detect an increase in 
the yeast running parallel with the progress of the fermentative 
process in every fermentation, and by the discovery that the 
intensity of the fermentative process also varied with the in- 
fluence brought to bear on the biological functions of the yeast- 
fungi by alterations in their conditions of nourishment. 

Thus, then, by the researches of Pasteur, which received 
support from the independent investigations of van den Bboek^ 
and Hoffmann,^ from which conclusions of the same kind were 
drawn, the necessity for the presence of living yeast-cells was 
clearly established. As regards van den Brock's experiments, 
special mention should be made of his proof that fresh, unboiled 
grape-juice does not undergo fermentation if the germs in the air 
be excluded. 

On the other hand, proof was brought forward, also by 
Pasteur,' that there could be no question of a decomposition of 
the yeast in alcoholic fermentation in the sense assumed by 
Liebig, and in which, following Dobereiner's precedent, it had 
been believed that a liberation of its nitrogen in the form of 
soluble ammonium salts might be observed. He was able to 
demonstrate that absolutely no ammonia was split off during the 
fermentation, but that, on the contrary, ammonium salts could 
be consumed in the process. 

By these sledge-hammer blows the opposition of Liebig's 
school to the biological facts was severely shaken, and Liebig 
himself, in his last comprehensive experiments/ was forced, in 
order to maintain his position, to admit the simultaneous pro- 
duction of living organisms with the fermentation. 

^van den Broek, Ann, d, Chem. ti. Pharm,, cxv., 75, 1860. See alscf 
Wurtz, Bepert. d. Chem. pure., 29, 1861. 



a Hoffmann. Bot. Ztg., 49, 1860. 

* Pasteur, Alkoholgährg., 66. 

^Liebig in his AnncUen., cliii., 1, 1870. 
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After a few small criticisms against Pasteur, which bj them- 
selves have little justification, and are comparativelj unim- 
portant, he brought forward as his main argument that, as a 
matter of fact, the yeast secreted a lifeless enzyme {invertoM), 
which accomplished part of its function, the decomposition of 
cane sugar. This fact he urged in support of the view that 
possibly the entire remaining function of the yeast was to be 
attributed to a ferment produced by it. Although he never 
clearly formulated this meaning of his objection, yet his whole 
method of argument pointed to the conclusion that he had in his 
mind a radical separation of the fermentative process from the 
vital process of the yeast-cells; that the production of the 
ferment, but not its activity, was inseparably bound up with the 
vegetation of the yeast-fungi; which, indeed — leaving out of the 
question his untenable assumption of a decomposition — ^is in com- 
plete accordance with the theoretical basis of his mode of view. 

But this conclusion, which we now know to be very well- 
grounded, yet which then found in Berthelot, Traube, and 
Hoppe-Seyler practically its only supporters, was forced into 
the background through the impossibility of experimentally 
proving the existence of such enzymes, and this appeared to 
indicate with absolute certainty the inseparable connection of 
the two processes. Unfortunately, much too little attention 
was paid, as we observed above, to the purely theoretical ques- 
tion in this discussion, which, for the most part, was restricted 
to disputes on matters of experiment. Liebig laid too little 
emphasis on the theoretical question of how far the vitalistic 
conception explained fermentative processes. He was, moreover, 
not justified in doing so, since he himself was apparently no 
longer able to uphold his own explanation — the decomposition 
theory. In short. Lie big's attempt to stem the torrent of the 
vitalistic conception had no further result than to call special 
attention to a few small weak places in Pasteur's investigations. 
The experimental results were against Liebig. Neither the 
study of invertase nor the equally active catalytic force of the 
yeast in decomposing hydrogen peroxide, which was equally 
outside the question, could be effectively used in support of the 
view of a separation of the vital process from the fermentative 
capacity.^ Moreover, no notice was taken of the few proofs, 
mentioned above, of the incomplete parallelism of life and fer- 
mentative activity. The victory of the vitalistic conception with 
its irrefutable material facts over the dynamic theory, based 
on false premises, was so complete that even Nägeli in his 

*A. Mayer, Landw. Versucheetat, y xvi., 277. ^ 
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physico-molecular — i,e., dynamic theory of fermentation — came 
to a standstill before the taboo of " organised " ferments, when 
he assumed that the atomic vibrations which led to the disrup- 
tion of the sugar, could only proceed from living cells ; and that 
even the highest authorities on alcoholic fermentation, although 
they perceived that this vital ''explanation did not go deeply 
enough," ^ contented themselves with adopting it as an inductive 
conclusion, and thus abandoned all attempt at a dynamic ex- 
planation of the fermentative processes caused by the yeast. 

We have shown in the " General Part " that with this ad- 
mission all connection with the '' fermentative processes " logi- 
cally falls to the ground, and that Hansen very justifiably also 
came to this conclusion. As a consequence of this purely 
vitalistic view, we arrive at the identification of ''organised 
ferments'* with the «general metabolism, from which point the 
problem does not admit of separate treatment. 

To shortly summarise our survey : — Theoretically^ the/ertnen- 
tativ^ function can be separated from the vital process as such, 
and it is E. Buchner's great triumph to have proved that this 
theoretical separation can also be supported by experiment. But 
even without this experimental support of our view we could 
theoretically fall back upon liebig's endeavour to define fermen- 
tative processes as dy^iamic, even though we should also be 
forced to regard his theory as false, and even though we were 
temporarily unable to replace it by any really better theory of the 
activity offermerUs, whether relating to enzymes or " organised " 
ferments. 

Before passing from these theoretical considerations to the 
practical biology of alcoholic fermentation, we must again point 
out that it cannot come within the scope of this work to give 
even a merely approximately complete description of the mor- 
phology and physiology of those micro-organisms, which must be 
regarded as the origin of the ferment for this process. We shall 
merely give a general sketch of the main features of the mor" 
phology as also of the classification, and only deal more folly 
with the physiology in so far as it is connected with the fer- 
mentative function. 

Yeast consists of microscopically small globular cell-structures. 

Even a superficial study of the most important species of 
yeast will reveal certain differences in the shape of the individual 

^ A. Mayer, QahrtmgschemiAt 67. This admission, however, appears in 
the main to he only made out of respect to Liehig— a respect which 
Mayer always religiously paid to the great savant^ even whoa the latter 
was m error« 
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cells and in their connection with one another. In boUotn- 
JermenUUion beer-yeast» the cells are nsuallj single, or only 
grouped in pairs, whilst in top-fermenicUian yeast, chains wid^ 
numerous branches are formed from the single cells. Lastly, 
wine-i/east has smaller individual cells than beer-yeast. 

No generally accepted systematic classification has, howeyer, 
been based upon these obvious differences. 

A fundamental distinction for the botanical classification of 
yeast-fungi was first obtained by the researches of Rebss,^ and 
these were afterwards supplemented, above all, by the classical 
investigations of Hansen,^ which have become of the greatest 
importance to technical fermentation, teaching us how to rear 
'*pure races " of the micro-organisms of fermentation. 

Beess designated all fermentation-organisms by the coUectiTe 
generic name of Saceharomt/cesy first used by Meyen, and this has 
now been universally adopted. 

He concluded that there was only one species of beer-yeast, 
which he termed S, cerevisicB, and explained the differences, par- 
■ ticularly those between top-yeast and bottam-yeaH, as '^ sportive " 
varieties, and vegetation forms of the same species which had 
become constant. In the case of other alcoholic fermentations, 
however — wine, brandy, &c.— other species were concerned. 

S, eerevisice occurs in somewhat oblong cells 8 to 9 /d& in length. 

Beess also made an essential distinction between the following 
varieties of wine-yeast. 

S, ellipsoidetu^ is slightly elliptical in form, and is 6/btin 
length. It forms chains of buds in abundance. It causes the 
same fermentation as beer-yeast, without itself losing its charac- 
teristic form through several generations, and hence there is 
reason for regarding it as a distinct species. Jagqubmin * has 
prepared a hcirley^oine from barley with the aid of S. eUipsoideua. 
In addition to this, S. apiculatüs also plays a part in the fermen- 
tation of wine. It has an oblong form slightly constricted in 
two places, and is 6 to 8 a& in length. It is interesting from the 
fact that it produces neither invertase nor maltose.^ Both species 
are found in nature growing on grapes. According to Müllbr- 
Thubgau,® however, the latter is injurious in the fermentation 

^ Reess, UiUersuchg. t2&. d. Alcoholgähnmgpäze, Leipzig, 1870. 
^Hansen, Summary in UrUermtchungen cms der Fraxia d. Oährtm^- 
ifidtutrie 1895 (gives the literature). 
' Reess, Ann, d, Oendog,, iL, 145, quoted by A. Mayer, he* et^ 
^ Jaoquemin, Z,f, RUbenzuckerind,, xx., 267, 1888. 

• Amthor, Z. f. physial, CA., xii., 658, 1888. 

* MuUer-Thurgau, Jdhreaber. d, deutsch. -achweizer VersfiekstiaLj, Obst, 
Wein u. Gartenbau, vii. ; Chem. Centralbl., 916, 1899. 
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of wine. It does not attack galactose (Vorr^V In the tüinter it 
can be detected in soil (Hansen ^). Besides these there is a third 
yariety — ^the long (up to 20 fi) club-shaped ^S". FastorianuSy which 
plajs a special part in the after-fermentation of wines rich in 
sugar. 

All these species, ftgoin» form ^'sports'* of very different 
practical value. 

The botanical homogeneity of the genus Saccharomyces depends, 
according to Reess, on their typical mode of reproduction^ in which 
under certain conditions the ordinary method of increase by 
budding is interrupted and replaced by the formation of from 
two to four spores in the parent cells. 

It occurs, in particular, when there is a deficiency of food, 
when an excess of oxygen is present, and under certain conditions 
of temperature, and also, e.g,^ in pressed yeast (Schumacher^). 
Beess termed this ascospore formaiion, and in consequence the 
species of Saccharomycetes are classified botanical! y with the 
Ascomycetes, 

We thus find a series of species of Saccharomycetes as bearers of the 
alcoholic ferment. In addition to those mentioned above we also find inter 
cUioa S, octosporus,^ S. exiguua, which ferments fructose more rapidly than 
clucoae (Gaton and Dubouro'), S. Lrtdwigii,^ and S. Marxianus, The 
first, like S, apicvlatua, contains no invertase; the last two form no 
maliase (9. v.). S. fragrans contains no maltose, and, moreover, cannot 
attack starch (Beyerinck ^), To these must be added the lactose yeasts, 
which produce lactase— e,g. , S. tyrocola, and S. lactia.^ 

Besides these, there are also certain Saccharomycetes in the botanical 
sense which do not ferment sugar into alcohol — e.g., S. Tnembranoffaciens 
(Hansen), and the formerly so-called Mycoderma vini, the vnne-monld 
fungus, which Reess also grouped with the saccharomycetes. 

The numerous experiments to establish relationships between 
the mouldrfungi and yeast are interesting. A considerable liter» 
ature has grown up on this point.* 

1 Voit, Z, /. Biolog,, xxix., 149. 
^ Hansen, Z.f. ges. Brauw., 449, 1881. 

»Schumacher, Wiener Acad, Sitzh,, Math. Nat, CI, (I.), Ixx., 157, 
1874. 

* This, however, is regarded by Beyerinck, C,f, Bakt,, xvi., 49, 1894,. 
as belonging to another genus, and is termed Schizosa^charomyces, 

' Gayon and Dubourg, Comptes Bendus, ex., 865, 1890. 

* Cf. Dienert, CompUs Bendus, cxxviii., 569, 1899 (Galactose fermenta- 
tion). 

' Beyerinck, C, /. Bakt. (TL,), i., 226, 1895 (gives a survey). 

"Duclaux, Ann, Inst, Past,, i., 573, 1886. Adametz, C. /. Bakt,, v., 
116, 1889. Kayser, Ann, Inst. Past,, v., 395, 1891. 

' Of. A. Mayer, loc, cit., 97 et seq. Jorgensen, C, f, Bakt, (II.), i., 321» 
1895. 
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Now that we have attained to a clear view on the subject, this relation- 
ship is thus limited : — 

An^ true intimate connection between these two groups of fungi» 
botamcally absolutely distinct, does not exist; the results, which lent 
support to the notion that true hud-producing yeast-fungi might possibly 
be converted into true mycdia-producing mould- tungi were due to the use ol 
insufficiently pure cultivations. Hans£N,^ however, on the one hand, has- 
found that certain true varieties of aaccharomyceteSt under certain condi- 
tions, notably in the presence of an abundant supply of oxygon, form 
skins and mycelial formations, which can only be recognised as true 
saccharomycetes through retaining their typical spore-formation. 

Again, on the other hand, certain m(nUd-Jungi, varieties of Mucor, and 
Aspergillus oryzte (Juhler*) are capable, in the absence of oxygen, of 
assuming forms resemblins yeast, and of producing buds. These forms 
then also cause alcoholic Jermentation, which differs but little from the 
typical saccharomyces fermentation. Mucor mucedo and M, racemosus, in 
IMTticular, ^sess this capacity (Frrz'). Thej^ produce relatively more 
carbon dioxide than beer-yeast ; neither succinic acid nor glycerin could 
be detected with certainty ; they contain invertase but no lactase. 
Mucor altemans and M, circinelloides can also produce alcoholic fermen- 
tation (Gaton and Duboüho^). Certain other varieties of mould-fungi are 
also able to induce alcoholic fermentation, notably MonUia Candida, which 
is interesting on account of its characteristic production of invertase, and 
also the thrush-fungus, which besides alcohm also yields by-products — 
e,g,, aldehyde (Linossier and Roux'^). 

The koji-ferment in which the Aspergillus oryzce is found also 
forms alcohol and produces saki, the rice- wine of the Japanese 
(see Taka-diastase). The conversion of Aspergillus oryzce into 
a SoAxharomyces has been asserted, notably by Juhler (loc. cii,\ 
who has drawn from this, far-fetched conclusions as to the deri- 
vation of the Saccharomycetes, His conclusions, however, were 
opposed by Klöcker and Schiönning.^' The theory was also 
severely shaken by the assertion of Kosai and Yabe ^ that the 
koji-ferment contained, in addition to Aspergillus oryzce, another 
yeastrfungus to which it owed its typical fermentative function, 
BiJBGEN^ had previously come to the conclusion that, contrary 
to the views of the older investigators, the alcohol-producing 
function was not to be attributed to the Aspergillus oryzce itself. 
An analogous instance of the co-operation of mould-fungi and 
Saccharomycetes appears to occur in Tonkin yeast, in which 

' Hansen, quoted by Mayer, 
2 Juhler, C,f. Bakt, (II.), i., 16, 326, 1895. 

» Fitz, Ber. d, d, chem. Oes,, vi., 48, 1873 ; ix., 1362, 1876. See also 
Brefeld, Ber. d. d, chem. Oes,, vii., 282, 1875. 
* Gayon and Dubourg, Comptes Rendus, ex., 865, 1890. 
^ Linossier and Koux, Comptes Bendus, ex., 868, 1890. 
« Klöcker and Schiönning. C.f. Bakt, [IL], i., 777, 1895. 

7 Kosai and Yabe, C.f. Bakt, [II.], i., 619, 1895. 

8 Busgen, Ber. d. d, hot, Oes,, iii., 66, 1895. ^ , 
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Oalmbtte^ found alcohol-prodacing Saccharomyeetes reBembling 
ß. Fcutoriantts, in addition to Amylomycea Bouadi, which formed 
diastase. 

Alcohol-producing Saccharomyceies also play a part in paiho- 
logical mycology, since in rare cases thej cause serious diseases, 
as, for instance, is done by S, hominis (Busse ^), S. subcutancus 
tumefaciens (Cuetin^), and S. neoformans and litogenes (San- 
FELICE *). 

Variations in the Fermentative Action. — The various species of 
Saccharomycetes show absolutely no uniformity as regards their 
alcohol-producing capacity, and, in consequence, their technical 
utility. Apart from the fact that some of them — e.g., S. myco- 
derma — cause no fermentation at all, the quantity of alcohol 
which they can yield is also absolutely different. This partly 
depends upon the fact that some of them do not contain the 
enzymes required for the hydrolytic decomposition of the cane- 
sugar or maltose, so that they meet with obstructions even in 
the substratum undergoing fermentation.' On the other hand, 
as the fermentation proceeds the liquid becomes richer in 
alcohol, which, at a certain degree of concentration stops att 
action on the part of the yeast, and towards which the different 
species of Saccharomycetes vary in sensibility. Thus, for 
example, S. apictdatus ceases to be active relatively soon in the 
presence of a slight amount of alcohol, even if, as Miiller- 
Thurgau considers, it is not altogether useless for wine-fermen- 
tation. The mucor-yeasts are still more sensitive to the presence 
of alcohol. 

In practice, however, it is of the greatest importance that 
many true Saccharomycetes form accidental varieties which spoil 
the beer by the production of by-products which have an un- 
pleasant taste or cause disturbances. It is Haitsek's' great 
triumph to have proved that these injurious organisms did not 
belong to other species of plants, but were actually Saccharo- 
mycetes, 

He then, by laborious investigations, isolated all these aooidental 
varieties from the serviceable one by means of pure cultivations, and 
taught breweries how to maintain an unvarying eood character in their 
beer by the use of pure cultivations of races of Saccharomycetes, which pro- 
duced pure fermentations, whereas; prior to the possession of these pure 
cultivations, this was practically left to chance. There now exist a whole 

1 Galmette, Ann. Inst. Past, vi., 604, 1892. 

« Busse, a f. Bah., xvi., 175, 1894. 

3 Ourtin, Ann. Inst. Pasteur, x., 449, 1896 (gives the literature). 

* SanfeUce, Z.f. Hyg., xix., 32, 394. 1896. 

^ Hansen, C/rtter^ticA. a. d. Praxis d. Oährungsindustrie, 1895. 
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of good races of ftaat which have been grown in pure cultivations, 
«nd which, according to the wish of the consumer, yield oeer of difierent, 
but invariably constant, good flavour. 

Certain varieties of, notably, 8, eUipaoideuB (11.) and S. poaUniantu (I. 
and II. ) were found to be injurious yeasts. 

Attempts based on these principles to also obtain the advantages of pure 
cultivations of yeast for the vnTte-fermenkUion industry, which previously, 
contrary to the practice of breweries, had not employed artiflciallv-added 
yeast, have been made with good results, notably by Wobtmann,"^ but as 
yet these have not had such a completely revolutionising influence on wine- 
manufacture as Hansen's experiments had on brewing. 

The occurrence of undesirable by>reactions, which Hansen 
succeeded in preventing by an ingenious method carefully 
worked out, can, of course, sometimes be obviated spontaneously 
by means of certain precautions which have been empirically 
devised. This is true, in particular, in the case of the distU- 
lationrindustry, which, of course, is not so sensitive in the 
matter of flavour (Delbrück ^). 

Yet here, too, Hansen's method has already begun to be used 
— e.g.f in the manufacture of rum (Gbeg^). 

Relationships between the Life of the Teast and its Fermentative 
Activity. — When living yeast-cells are cultivated in a solution of 
sugar, there occur, according to our views, two processes which 
are theoretically to be kept separate. On the one hand, we 
have the vital functions of the fungi, their life in the narrower 
sense ; and, on the other, their fermentative function — alcoholic 
Jermentation. Whilst the latter process is limited to the sugar, 
and, in fact, to the simple d-hexoses, the organism of the yeast 
naturally also requires other food materials. The yeast can 
supply its carbon requirements from the sugar which it is able to 
ferment — i,e., to consume; but for the construction of the 
Proteids which go to compose its framework nitrogenous food- 
substances must also be introduced. 

That a source of nitrogen is essential is, a priori^ self-evident, but yet 
the definite proof had to be given to the opponents of the vitalistic theory. 
This was done by Pasteur, who showed that, in a pure solution of su^ 
free from nitrogen, there was no increase in the yeast or new formation 
of cells. 

We must then inquire further what nitrogenous substances can serve as 
nutriment to the yeast. 

Albuminous substances occupy the first place in this respect. Pasteur 
proved that an extract of the yeast-cells themselves, which contained sub- 
stances akin to albumin, formed a sufficient nutrient medium for the fungi, 

^ Wortmann, Landwirthsch, Jahrbücher, xxiii., 535, 1894. See also 
Koch's Jahresb., 168, 1894. 

* Delbrück, Wochensch,/, Brauerei, 1895. 

* Greg, CentnM./. Bak., xv., 46, 1894 (abstract). 
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bnt that, on the other hand, the inorganic constituents in the yeast- 
extract, although containing the obK qf the yeast, would not support the 
life of tiie yeast. 

Yeast, lilce most other plants, cannot assimilate the fret nitrogen of the 
atmosphere. 

On the other hand, the yeast cells show their exquisite vegetable meta> 
holism in the fact that, as was found by Pasteur, they are able to make use 
of ammonium salts. As available ammonium salts we have not only the 
tartrajte^ but also the nitrate, oxalate, &c. 

Further hishly important sources of nitroeen are found in the diffusible 
Proteids, such as, in particular, peptoiiea and similar substances. And to 
these must be added the proteids of egg-yolk and syntonin. On the other 
hand^ more complex albuminous substances — e.g,, albumin and casein — are 
not suitable for the nourishment of yeast, as was proved by A. Mayeb»' 
who also established a relationship between difiusibility and food- value. 

Additional sources of nitrogen were found in amido-a/iids and substances 
of similar composition — allantoin, guanine^ uric add, acetamidSf and 
asparagine ; whilst hreatint and hreatinine were of less value in this 
respect. Other nitrogenous substances proved to be unsuitable, such as, 
e.g., caffeine and hyaroxylamhie, SaccJiaromycetes were unable to assimi- 
late salts of nitric add, though a mucor was easily able to do so (Fitz \ 
Nitrites are directly injurious (Laukent •). 

A. Mayer has proved that this nitrogen is not only applied to 
the production of new albumin, but that an actual metabolism 
of nitrogen occurs, by the fact that the available nitrogen is 
really consumed, and that yeast-fungi in culture-media which 
contain less assimilable nitrogen are, ipso facto, injured as regards 
their vital activity and fermentative capacity. The amount of 
nitrogen in the yeast becomes gradually less, and that not only 
by its distribution throughout a greater number of cells, but 
also absoltUely — i.e., the yeast excretes into the surrounding 
media a nitrogenous substance which cannot, to its full extent, 
again be assimilated. The nature of this excretory product has 
not yet been determined. 

In addition to carbon and nitrogen, yeast naturally also 
requires nutrient salts) this postulate, too, was satisfied by 
Pasteur, who proved that sugar and ammonium salts were unable 
by themselves to supply the wants of yeast, though an addition 
of yeast-ash was quite sufficient for the purpose. 

The question of which salts are indispensable to the yeast haa 
been very fully discussed by A. Mayeb,* but we will only take 
the facts from his description. 

^ For further particulars on this subject and for bibliography, see A. 
Mayer, Gährungschemie, 124 et seq. 

-«Fitz, Ber. d. d. ehem. Ges., viii., 540, 1875. 

' Laurent, Ann. de la Soc. Beige de Microscopic, xiv. (Koch*8 Jähret^, vb^ 
Gährungsorg., 54, 1890). He gives a full description of the nutrition of 
yeast, to which I can only refer here. 

^ A. Mayer, loc cit., 137 et seq. (also gives the literature). 
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According to him, the following salts are indispensable : — 
Iron^ potcusium (which cannot be replaced by aodium)^ magnesium^ 
phosphorus, and very probably sulphury though not in the form 
of sidphuric acid. On the other hand, calcium and sodiwm are 
not essential. 

Water is also obviously a necessary food material of yeast. 
WiESNER ' found that yeast containing from 40 to 80 per cent. 
of water was capable of living and producing fermentation, and 
that it could resist being slowly dried. By rapid variations in 
the concentration, with the natural result of sudden changes in 
the osmotic pressure, the yeast-cells may be injured ana even 
killed. 

The question of the influence of the concentration of the 
solution of sugar to be fermented is obviously most intimately 
connected with the question of the amount of water in the yeast. 
The optimum is 8 per cent., and at about 35 per cent, the fer- 
mentative capacity becomes very weak. In like manner, con- 
centrated solutions of glycerin and of salts act prejudicially by 
withdrawing the water. Mucor-yeasts cannot well bear a con- 
centration of more than 7 per cent.* 

In these culture-media, then, the yeast-cell exercises its vital 
functions, it assimilates — ^builds up its cell structure from carbon, 
nitrogen^ nutrient saltSy and water — and also distributes in regres- 
sive metaholism, in which process, as we have observed, nitro- 
genous end-products, of whose constitution nothing more is yet 
known, are produced, in addition to the carbon compounds, 
which we cannot, of course, describe with absolute certainty as 
metabolic products. Within its cell it further produces its specific 
ferment, zymase, and by means of this fulfils its function, the 
decomposition of sugar into alcohol. 

The reproduction of the yeast also obviously belongs to its 
vital functions. So long as the yeast-cell has sufficient nourish- 
ment at its disposal its total volume increases, chiefly, under 
normal conditions, by budding. The amount of new yeast 
formed stands normally in an approximately definite ratio to its 
fermentative function as measured by the quantity of alcohol 
produced. According to A. Mater,' this new growth amounts 
to 1*38 to 2*03 per cent of the dry substance of the yeast. 

A. Brown ^ asserts that the final number of yeast cells depends 
almost exclusively on the composition of the culture-medium 

1 Wiesner, Wiener Acad. Sitkb., lix., [11.], 495, 1869. 
^ Quoted by Flügge, Micro-organismen, 1806, 229. 
>A. Mayer, ^. c»^., 119. 
^ A. Brown, Joum, Chem. Soc.^ bd., 361 
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. and but little on the quantity of cells originally introduced. 
When he placed eight times as many cells in one culture-medium 
as in another of the same composition, the number of cells in. 
each was almost the same at the end of the fermentation. 
When a certain quantity was reached there was thus no further 
increase, but even occasionally a partial decomposition. 

We must here again return to the question of such theoretical 
importance — whether really the vital processes are invariably 
inseparably connected with the fermentative processes. 

If we regard the resulting by-products as non-fermentative 
products of metabolism, we have then, of course, as we have 
pointed out above, sufficient grounds, in their conditions of 
development and especially in their quantitative relationship, 
for concluding that there is merely a parallelism between the 
two processes. But, besides, on a closer study of the pure 
alcoholic fermentation certain reasons in support of our view 
stand forth prominently. 

Thus, Mach and Pobtele^ found that the vegetatitfe and 
/ermentative energy did not reach their maximum simultane- 
ously, but that the yeast at first increased more rapidly than it 
caused fermentation, and that not until a later period was the 
maximum of fermentative action reached. 

Moreover, the fermentative activity does not immediately 
stop, when the yeast ceases, to develop from the want of assi- 
milable material. According to our view there is then still 
a certain amount of feiment present, which must first be 
used up. 

The contrast is also interesting, that whilst the assimilability 
of proteid substances by the yeast largely depends upon their 
difiusibility,' it is not possible to establish a relationship between 
the velocity of fermentation of the sugar and the diffusibility.^ 
Further, when we examine the action of different physical and 
chemical agents on the yeast, we find that although, in general, 
there is a very close agreement between the behaviour of the 
living yeast and of the ferment, there are yet some few obser- 
vations which indicate that the fermentation is not completely 
dependent on the life of the organisms. 

It is true that such an easy means of differentiation as we 
find in the case of ordinary enzymes is not possible with yeast 
zymase ; we can readily demonstrate the existence of its 
invertase^ äo., by destroying with certain poisons the vital 

1 Mach and Portale, Landw. Versuchstiat., xli., 261, 1892. 

3 A. Mayer, loe. cU., 129. 

* Gayon tM Dubourg, Comptes Betidus^ ox., 685, 1890. 
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energy of the cells ; but if we attempted to do the same with 
the alcohol-producing ferment we should soon be convinced that 
without exception all the agents which injured the vilal/unctions 
of the yeast also injured its /ermentative energy to the same 
extent. As soon as the parent cell is killed or severely injured, 
the very unstable ferment is also very rapidly destroyed. 

The fact that high temperatures and strong acids and bases 
destroy the cell with the ferment is also in complete analogy 
with the ordinary enzymes. 

As soon, however, as we try the protoplasm-poisons to which 
ordinary enzymes are nearly indifferent, the condition of affairs 
is completely changed. All those poisons which destroy the 
living cells, also interfere with the fermentative function of 
the yeast. 

Of the substances which are thus used for the demonstration of th& 
enasymes of yeast, we need only mention here chloroform^ toluene, and 
mercuric chloride. On the other hand, many salts— e. 9., those of iron 
and manganese — are not injorioas ; whilst others — e.g., potassium cyanide 
and sodium sulphide — are markedly so. Strychnine and quinoline are harm* 
less ; quinine slightly injurious.^ Aluminium salts have even a stimtdating 
effect, OS also pMsphoric acid and its salts, and asparagine (Effbont'*). 

Sodium arseruUe has but little influence upon yeast, but considerable 
action upon other fission-fungi (ScHiKFFEa and Böhm '). 

Special attention has been given by Schulz^ and his pupils to the 
investisation of the influence of poisons upon yeast. They found that 
small doses, eg., oi formic add, &c., stimulated its action, but that larger 
quantities were injurious. 

As regards the action of metallic salts upon yeast, Mann' concludea 
that there is a combination between them and the phosphates in the cell. 

Carffon dioxide has a restrictive influence (Foru ^). Sulphur dioxide in 
strong solutions (200 c.c. of gas to 1 litre of water) kills yeast very rapidly 
(liiNossiEB.'), specially in acid fluids. 

Sodium fluoride, which, as is well known, does not fail to 
destroy putrefactive bacteria, when its solution contains about 
1 per cent., has a weaker action upon yeast, aiM hence its use, 
as proposed by Effront, has been advocated in breweries to 
exclude bacteria. In the case of the fluorine compounds we also 
find one of those instances mentioned above, in which there 
appears to be a certain difference between the purely vital and 

^ For bibliography and further particulars see A. Mayer, loc, cit,, 147. 
» Eflfi-ont, BtUl, Soc, Chim, [3], lk., 151, 1893. 

' Schffiffer and Böhm, Si^» d. Erlanger phya, med, Soc,» K.S., iii.» 
238 1872. 

*' Schulz, Virch, Arch,, cviil, 427, 1887 ; Pßüg, Ar<A., xlii., 617, 1888. 

' Mann, Ann. Inst, Pasteur, viii., 785, 1894. 

• Foth, Z, ges, Brauw,, 182, 1889. 

^ Linossier, Ann, Inst, Past,, v., 171, 1891. 
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the fermentative energy. Thus Effront^ found that sodium 
fluoride and other fluorine compounds when present in slight con- 
centration checked the reproduction of the yeast-cells, but, on 
the other hand, not only did not have any prejudicial actiyitj 
on the action of the ferment, but even stimulated it. 

According to Foth,^ yeast behaves in a similar manner in an 
atmosphere of carbon dioxide. 

An analogous instance of the fact that it is possible under 
certain conditions to preserve the fermentative activity whilst 
destroying the vital activity, is furnished by the experiments of 
FiBCHTER,* who found that hydrocyanic acid, even in very 
slight quantities, destroyed the vital activity of the yeast without 
immediately putting an end to the fermentation. 

The question so often raised in discussing the enzymes, and 
not answered with complete unanimity, as to how far the jtTraefticto 
of the decomposition have an injurious action, receives the simple 
answer in the case of alcoholic fermentation, that here one of 
the decomposition-products — viz., alcohol — is poisonous to the 
protoplasm in certain degrees of concentration, and thus injures 
both the yeast and the fermentation. 12 per cent, of alcohol 
prevents the growth of saccharomi/cetesj and 14 per cent, destroys 
all manifestation of energy. Mucor yeasts terminate their 
activity when the alcohol is as little as 3| to 4 per cent., 
M. stoloni/er even with 13 per cent.* There are, however, also 
saccharomycetes which are very sensitive towards alcohol, as, for 
«xample, a beer-yeast of the Saaz type, examined by Prior,* 
and the alcohol-producing mould-fungi of kqji-yeast (vide supra). 

The Significance of O^gen and Pasteur's Theory of Fermenta- 
tion. — The study of the fermentative and vital processes of 
yeast under the influence of the admission of a greater or smaller 
^THount of oxygen has furnished further proofs in support of the 
view that the alcoholic fermentation of sugar is not under all 
<$onditions inseparably connected with the vital process. The 
discussion of this question appears the more important, inasmuch 
«s it was on the ground of this influence of oxygen that the only 
real ihsory of alcoholic fermentation was based by Pasteur and 
upheld by the supporters of the vitalistic view. We must, 
therefore, deal with this point more fully. In the first place we 
«an admit as an uncontested fact that the yeast-fungus requires 

> Eflront, BxiJl. 8oc. Chim. [3], v., 148, 476, 731 ; vi. 786, 1891. 

« Foth. C.f. BahL, i., 602, 1885. 

* Fiechter, Utb, d. Wirkg. der Blavaäurt, Dias. Basle, 1875. 

^ Quoted by Flügge, Micro-organ., 229, 1896. 

^ Prior, Ceniralbl.f. Bakteriol. [H.], i., 432, 1895. 
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for its fructification an unlimited supply of free oxygen^ as waff 
proved beyond doubt by Keess.^ 

But there is no such general agreement in the answer to the 
question of how far the purely vegetative energy of the yeast- 
cell, including its reproduction by budding^ and its fermentative 
action is affected by differences in the amount of oxygen 
admitted. 

Pasteur made the discovery, so far-reaching in its influence 
upon' his theory, that the yeast-fungus showed very energetic 
reproduction when abundance of oxygen was admitted, but that, 
on the other hand, its fermenta^tive capacity was relatively less ; 
and vice-versd when the supply of oxygen was excluded altogether, 
or nearly so, there was less reproduction, but much m^ore active 
Jermentative capacity, Pasteur made use of this behaviour of the 
yeast in tlie inductive construction of his theory of alcoholic 
fermentation. He asserted that alcoholic fermentation was 
" life untliout air" {vie sans air), i.e., that the yeast being to a 
certain extent in a confined condition derived the oxygen 
required for the development of its vital energy from the sugar, 
and from it produced carbon dioxide in its organism, whilst it 
excreted the non-utilised residue as alcohol. This is Pasteur's 
theory, which we will criticise presently ; but first of all we 
must deal with the actual facts. 

Pasteur had proved that an excess of aeration promoted the 
reproduction of the yeast ; he concluded, without further proof, 
that the oxygen was the natural agent in this phenomenon. 
Experiments made by Neubauer ^ and by Hansen,' however, 
43howed that <* aeration" with other gases, and even shaking, 
without the introduction of oxygen, produced similar results. 
It thus appeared that the oxygen, as such, was not the direct 
cause of the reproduction. 

On the other hand, Pasteur's experiments received support 
from Brefeld,^ who carried to an extreme conclusion Pasteur's 
view that fermentation proceeded best in the absence of oxygen, 
«nd the life and development of the yeast when it was present; 
but frooi this material he sought to forge a direct weapon 
against Pasteur's vitalistic theory. Brefeld first endeavoured to 
prove that free oxygen was indispensable to the vital process of 
the yeast; he attempted to demonstrate th&t plienomena of death 

^ Reess, Botan, Unters, iib Älcohdgährungspilze, 15. 

^ Neubauer, Ann. d. Oenolog., iv., 68. 

' Hansen, MeddeleUer fra Carlü>€rg Labor. Quoted by Mayer, he. cU.g 
153. 

* Brefeld, Verh. phys. med. Soc. Wunburg, 163, 1873. Ber, d, d. chenh 
Cfea., vii, 281, 1066 ; viii., 421, 1875. Thid's Landw. Jahrb., iii., 1876. 
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could be directly recognised in the yeast under the microscope ; 
he further tried to prove that the yeast-cells possessed a great 
affinity for oxygen, and that they could consume to the last 
trace the oxygen in culture^media containing but little of that 
element. So long, then, as oxygen was present, the yeast-cell 
lived and budded in its normal vital process ; but as soon as the 
oxygen disappea/redy the growth completely ceased^ and then the 
fermentation began. According to Brefeld, fermentation and 
growth never occurred simultaneously ; the one excluded the other. 
Fermentation was a morhid process ending with the death of the 
yeast. To this extent he opposed Pasteur's view that, although 
alcoholic fermentation was an adaptation to altered condi- 
tions, yet within those limitations it was a normal manifestation 
of life. But Brefeld lacked proof that the yeast actually did 
not grow during the fermentation, and that the fermentation 
only began after the complete disappearance of the oxygen. 
Bref eld's assertions were very soon after energetically opposed 
by Pasteur himself, and in particular by Mobitz * and Traube.* 

Thus Traube proved that yeast did not develop in the abaenot 
of oxygen, even on the best culture-media, but that, on the other 
hand, developed yeast could do without free oxygen. 

It was then soon also irrefutably proved that, on the 
one hand, in the absence of oxygen growth occurred in addition 
to fermentation, and vice versa, in ilve presence of oxygen there 
was fermentation in addition to growth. Mayer ' very lucidly 
remarks that Brefeld's views are justified, if we conclude that 
there are two final stages of the process : on the one hand, the 
very young yeast, which, when there is an abundance of oxygen, 
grows luxuriously without producing fermentation ; and, on the 
other hand, old weak yeast, which still causes fermentation, when 
oxygen is excluded, without undergoing further development; and 
that, again, under averag^e conditions both processes occur 
simultaneously. We are thus justified in forming the concep- 
tion that, although the introduction of oxygen weakens the 
fermentative capacity of certain yeast - cells, yet it does not 
destroy it. In practice, it is found that " aerated '' yeast pro- 
duces more alcohol in toto notwithstanding the smaller energy of 
these individual cells, since this deficiency is more than com- 
pensated by an increased production of new cells (Pedersen *). 

1 Moritz, Ber. d. d. chem. Gee., vii., 156, 436, 1874. 

^ Ti^aube, in various articles, Ber. d. d, chem, Oea,, vii.-xv.; see also his 
fieparate treatise, Berlin, 1899. 

^ A. Mayer, loe, cit,, 155. 

* Pedersen, Meddelelaer fra Carleberg Labor., iv., 1878. Quoted by 
Mayer, loc. eU., 156. 
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Howeyer, not even the assertion that oxygen weakens the 
fermentative capacity has remained unchallenged. Nageli^ 
even claimed to have proved that a direct acceleration was 
caused by oxygen. But this view of Nägeli has been refuted 
on further investigation of the question, notably by A. Mater ^ 
and GiLTAY and Aberson.' The last-named authorities showed 
by careful experiments that, when there was a vigorous growth 
accompanying abundant aeration, only 75 per cent, of the sugar 
was fermented under the conditions specified, whilst, on exclud- 
ing oxygen, as much as 90 per cent, underwent fermentation. 
Others again {e,g., A . Brown *) have come to the conclusion 
that, when the number of yeast -cells remains constant, the 
introduction of oxygen causes a very slight acceleration in the 
production of alcohol. According to Büchner and Rapp,^ it is 
almost indifferent under normal conditions, but injurious rather 
than beneficiaL We must thus, taking everything into account, 
consider it proved that free oxygen accelerates the growth of yeast, 
bvi only influences the fermentation to a very slight extent. Par- 
ticularly pregnant are the experiments of Büchner and Rapp,^ 
who were able to detect vigorous fermentation even on cultivat- 
ing the yeast on plates of gelatine and sugar exposed to the air, 
so that about ^ of the sugar was still actually /ermen^, and only 
about \ consumed in the metabolism of the cells. We must now 
consider what theoretical bearing these facts have upon our 
views on the nature of fermentative processes in general, and of 
alcoholic fermentation in particular. 

Pasteur's radical conception, and his theory of fermenta- 
tion deduced from it, is no longer tenable in the light 
of the results mentioned above. If yeast also causes fer- 
mentation in the presence of oxygen, it follows that we can- 
not correctly say that it is the absence of oxygen which forces 
it into an intense transformation of its metabolism in the 
direction of an alcoholic fermentation of the sugar. All 
attempts to uphold Pasteur's conception and theory, con- 
ditionally and in a limited sense, must be vain. He himself 
has laid stress, with emphasis, on one point. Either alcoholic 
fermentation is une vie sans air or it is not. Compromises are 
out of the question. Kow, the experimental facts are against 

^ N&geli, Theorie der Gährung, Munich, 1879. 
^ A. Mayer, Landwirtlisch. VersucTuttat., xxv., 301. 
' Giltay and Aberson, Pringsheim'a Jahrh.f wiesenach. Botanik,, xxvi., 
543, 1894. 

* A. Brown, Joum, Chem, 8oc,, bd., 369, 1892. 

» Büchner and Rapp, Z.f, Biol,, xxxvii., 82, 1899 (full bibliography). 

• Büchner and Rapp, Z. f, Biol,, xxxvii., 82, 1 899. 
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Pasteur ; and with this his theory, the only theory of the vücUistte 
conception J falls to the ground, and all that remains is the 
classification of organised ferments under the vital process, 
which is equivalent to the renunciation of every dynamic 
explanation. 

The overthrow of Pasteur's theory is the first and most impor- 
tant result of our clearer view of the significance of oxygen for 
the yeast-fungus. 

But what do these facts teach us with reference to our 
dynamic conception of fermentative processes 1 

They show us with great clearness that there are exceedingly 
important factors which influence the vital process of the yeast 
in a different manner to the fermentative action. The free oxygen 
increases the vital processes of the fungi, but reduces the produc- 
tion of their ferment. 

We conclude that in this process the fermentative capacity is actually 
per se reduced, and that it is not merely a relative diminution in the pro- 
duction of alcohol due to the vigorously-breathing yeast directly utilising 
and consuming by combustion a relatively greater quantity of the sugar. 
A direct proof of this important conclusion, which must be based on a 
parallel determination not only of the alcohol, but also of the carbon 
dioxide, which, apart from the tjrpical fermentative process, is also pos- 
sibly produced by respiration, has been sought in vain. A. Mayer ^ only 
asserts very briefly that in the case of vigorously-growing yeast part of 
the increased consumption of the su^ar is also " the result of a direct 
oxidation of sugar in the sense of ordinary respiration," Mrithout entering 
into the fundamental question of the ratio of alcohol to carbon dioxide 
under these different conditions. Since, however, a decision is not possible 
without experimental investigation, we prefer to assume that the fermen- 
tative capacity is actually reduced j)€r «c, as indeed is a prion to be 
ooncludea, on account of the great differences. When the supply of 
oxygen is very abundant there occurs beyond doubt, according to BucHNsa 
and Rapp,' a perceptible direct oxidation of the sugar. 

If we may no longer conclude with Pasteur that the entire 
vital process of the fungi is so radically changed by the total 
absence of free oxygen that now in their completely altered 
metabolism they derive the oxygen essential to their life from 
the sugar, then the conception — that whilst the rest of the 
metabolism is intensified by variations in the amount of oxygen, 
the aHcohoUrnetaholism, if we may make use of this concise 
expression, is rediu^d in extent — becomes an assumption which 
theoretically leads us no further, and as to which serious doubts 
must be expressed. We have learnt, however, from E. Büchner 
that the yeast-cell produces an enzyme. How much more simply 
and with greater theoretical significance can we account for the 

^ A. Mayer, toe, cit., 159. * Büchner and Rapp, loc. cil* 
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influence of the oxygen by the assumption thafc free oxygen, 
although, as in the case of all organisms, rendering the entire 
vital process f as such, more active, yet checks the production of 
the ferment. 

With this thought we come once more to the conclusion so 
often arrived at before, that although vital processes and fer- 
mentative processes are connected in the sense that actions of 
ferments are a very important instrument for the manifestation 
of vital processes, yet we are not justified in identifying the two 
without further proof. Theoretically, they are processes which 
run parallel and independently of one another. 

If we would hold this view we must also deal more closely 
with the question of what general physiological sig^iificance this 
alcohol-producing ferment has for the yeast-cell. 

The ordinary function of unorganised ferments of forming 
assimilable soluble products by decomposition from non-utilisable 
food-substances, is not that of the alcohol-producing ferment of 
yeast. To this extent Nägeli ^ is completely justified in laying 
stress upon the difference between alcoholic fermentation and 
the action of ferments in the narrower sense of the word, 
although I must dissent from the far-reaching theoretical 
significance for the nature of fermentative processes in 
general which he assigns to this difference. We have here 
a teleological and biological difference, but one which does 
not come within the scope of a purely theoretical considera- 
tion of fermentative processes as a dynamic unit. This, 
however, does not lessen its importance to a conclusion 
as to the physiological function of ferments. The alcohol 
ferment of yeast is not a nutritive enzyme in the sense given 
above; for neither the alcohol nor the carbon dioxide serve 
BA food-material for the yeast. The former can lay no claim 
to the title since the sugar presents a much better form of 
nourishment ; the yeast-cell cannot assimilate the carbon dioxide 
because it possesses no chlorophyll. What then is the physio» 
logical function of the ferment of yeast ? We can hardly come 
to any other conclusion than that the ferment has the function 
of conveying energy to the yeast-cells by means of the exothermic 
reaction which it brings about. 

We know from numerous instances that all ferments are, as 
a rule, only produced when the organism requires them. 

So long as, for example, mould-fungi meet with sufficient 
grape-sugar in their culture-medium they produce no enzymes ; 
and so long as the quiescent embryo of the seed of the plant has 

^ Kägeli, Theorie der Oahrung, Monich, 1879 (see p. 8) 
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no need to draw upon the reserve material at its disposal, no 
production of enzyme occurs. 

In the light of these facts we must attempt to also explain 
the influence of oxygen on the production of the ferment. There 
are Saccharomycetes closely resembling yeast — e,g., S. myeoderma, 
which can only live in the air, never produces ferments, and 
must perish when the air is excluded. It has no means of 
maintaining its yital energy, when there is a deficiency of 
oxygen. 

This means is at the disposal of other micro-organisms.^ The 
mucor-species also, as a rule, live aerobically without producing 
an alcohol ferment But when they are cultivated in the absence 
of air they acquire the capacity of forming a ferment^ which by 
means of its eosotliermic processes imparts to them the energy 
which they cannot, like the chlorophyll plants, derive from the 
solar energy conveyed to them, nor, as under normal conditions, 
produce for themselves in an exothermic process of nsspircUion, 
so long as they lack the necessary oxygen for the process. But 
the production of the ferment remains to them a makeshift, 
which they immediately dispense with when they regain their 
normal vital conditions (admission of oxygen). 

Now the true yeast-fungi are so eminently adapted to this 
capacity of assisting the purely vital oxidation process by the 
production of a ferment that they make use of it even under con- 
ditions in which free oxygen, being present, it would be possible 
for them to do without this aid ; with the result that it is not 
possible to bring them back to an aerobic condition of life devoid 
of ferments. On the other hand, they are capable, through its 
free application, of maintaining by its aid their total vital 
energy in its full extent for a long time, even when every other 
source of energy is cut off, by the complete excltision of oxygen. 
As regards the degree in which they make use of this assistance 
they differ from the members of the mucor family which, because 
they normally live aerobically and without the ferment, are 
less abundantly endowed with it, so that when they are placed 
in an anaerobic condition of life their vegetative capacities 
disappear with the production of the ferment mare rapidly than 
in the case of the yeasts; indeed, even with the latter the 
capacity for anaerobic life, which is only rendered possible 
through the production of the ferment, is not unlimited. 
Eventually, when oxygen is excluded, the yeast cell also dies 
after the ferment has become exhausted. 

^ As regards the question of ana<$robio8iB, and the action of ferments in 
general, see laborius, Z,f, ffyg», i., 115, 188G-7. 
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Again, when there is a deficiency of substratum for the fermentation, the 
yeast must ferment part of its own substance to furnish vital energy for the 
remainder, as is the case in the auto-fermentation of yeast mentioned above. 

In this way, starting from totally different theoretical prin- 
«iples, we arrive at physiological conclusions similar to those 
formed by Pasteur. The production of the ferment is the 
physiological substitute for free respiration in the production of the 
necessary vital energy, but the metabolism, in the absence of 
oxygen, is not the fermentation itself Apart from our general 
conception of fermentative processes this latter view has been 
rendered untenable by the discoveries of E. Büchner. 

As in the case of the yeast cell we can, in like manner, also 
look for a dynamic explanation of the production of alcohol, 
which occurs in the organs of higher plants^ and presumably also 
of animals {vide supra), when oxygen is excluded. The production 
of ferments which induce exothermic processes appears to be a 
medium of universal occurrence, by the aid of which the necessary 
vital energy is maintained, if only for a time, even in the absence 
of oxygen. Possibly the prodtiction of lactic acid in animal 
organs, which occurs when there is a large consumption of oxygen — 
«.^., in working muscle and in phosphorus poisoning — is to be 
accounted for in a similar manner. 
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CHAPTER XXIII. 
THE OXYDASES. 

From the results of investigatioDS which, for the most part» 
have been made in recent years, oxidising ferments, oxydaaeSy 
which act as carriers of oxygen, have a great r6U assigned to 
them in nature. Like the hydrolytic ferments, they appear 
to fulfil an important function in the metabolism of living 
organisms. 

The Oxydases. — We will first discuss the oxidising ferments 
of animal tissues. The problem of the oxidation of combustible 
substances in the animal organism, connected as it is in the 
most intimate fashion with the nourishment, naturally occupied 
the attention of physiologists, even at an early period. And 
soon the remarkable phenomenon was observed — that the animal 
organism, which was able to decompose, without high tempera- 
tures and energetic chemical agents, substances so extremely 
difficult to oxidise as the proteids, could also transmit unchanged 
through its tissues easily oxidisable substance, as, e.g,, oooalio 
acid} And when, in particular, the decomposition of food- 
materials had come to be attributed less to a vital decomposition 
process than to the action of the unorganised ferments of the 
intestinal tract, there were still left examples enough to show 
that the living organism possessed the property of oxidising not 
only readily combustible autoxidüahU substances, but also such 
as, outside the organism, offered great resistance to the action of 
oxidising agents — t.«., disoondisahle substances (Traube). Ben- 
zene leaves the body as phenol, toluene as benzoic add or hippurie 
acidy^ &c. 

Explanations of these facts were naturally sought. Hoppe- 
Setler^ based his view upon the fact that strong redtustian' 

^ Pohl, A. f. exp. Path., zxxvii., 413. See also Hahn, Berlin. Idin, W,p 
499, 1897. 

3 Naunyn and Schnitzen, Dubois A., 349, 1867. Baamann and Herter, 
Z, physiol, CÄ., i., 265, 1897. 

» Hoppe-Seyler, Ber, d. d, ehem. Oes., xvi., 117, 1917, 1883. 
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processes occurred in the tissues, and could be detected ^ by the 
use of alizarine blue and other colouring matters,^ as proposed 
by Ehrlich.^ From this, Hoppe-Seyler formed the conception 
that in such processes of reduction molecular oxygen, O^, vxw 
rendered active by conversion into O, just as, e.<jr., palladium foil, 
which is saturated with hydrogen, decomposes molecular oxygen, 
so that palladium can oxidise, e.g,^ iridigo. In his opinion, 
similar stimulating processes occurred in the organism itself 
under the influence of reduction. He regarded readily-oxidis* 
q,ble substances as conveyors of oxygen. 

This view of Hoppe-Seyler was discussed, notably by Teaube,* 
in several publications. He replaced it by the notion of a 
caicUytic oxidation, a stimtUaiion of the oxygen, as is assumed to 
be the case in the ready liberation of oxygen from hydrogen 
peroxide on contact with many chemical substances. He showed 
that in the slow oxidation oi autoocidisahle — i.e., easily oxidised — 
substances, a rendering active of molecular oxygen did not occur, 
and that, lastly, free oxygen atoms did not possess the power of 
oxidising disoxidisahle substances to the extent ascribed to it by 
Hoppe-Seyler. As a matter of fact, it was shown by Schönbein ^ 
and A. Schmidt ^ that animal and vegetable tissues contained 
such catalytically-active substances, capable of liberating from 
hydrogen peroxide free oxygen, which, eg., turned guaiacum 
tincture blue — wliich molecular oxygen did not do. This cata- 
lytic action, however, we now also assume to be due to enzymes, 
and, in fact, Traube has already formed the conception of an 
oxidation /erment for this phenomenon. 

As a matter of fact, enzymic substances appear to be the 
active agents here. These oxidation processes have not the 
close connection with reduction which Hoppe-Seyler ascribed to 

^ These processes, of course, have now begun to be attributed to inde- 
pendent enzyme8y so that we shall soon be presented with redvcases 
in addition to oxydases {cf. Abeloüs and G^raed, Comptes Bendus, 
cxzix., 164, 1899). That such a reducing ferment must induce an 
endoihermtc process, accompanied by an absorption of energy, and 
thus directly contradict the definition of a ferment, does not concern 
M. Abelous. To this category also belongs the phUothioiiy the ''reducing*' 
hydrogenising ferment of Rey-Pailhadb (C /?. 8oc. Biol., 1894, 1895, 
1897). 

2 See also Harris, Jounu of Anal, and Physiol , xxxi., 381. 

' Ehrlich, Das Sauerstoffhedürfniss des Organismus^ Berlin, 1885. 

* Traube, Ber. d. d. chem. Öc«., xv.,659,2421, 2434 ; xvii., 123, 1201. See 
also the separate publication, Berlin, 1899. 

'Schonbein, Z, /. Biol., i.-iv. Cf Schaar*s survey of Schonbein's re- 
searches, Z,f Biol,, xxxvii., 1899. 

* A. Schmidt and others, Pflug, A,, vi., 508. See also on this point 
Pflüger in his Arch., x., 252 et seq. 
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them. For, according to the results of Spitzer,^ the glycolytic 
extracts do not have a reducing action ; then the reducing 
capacity of the tissues increases after death, whilst the oxidising 
<»Lpacity soon disappears ; but, besides this, the reducing 
capacity is retained even after boiling, whereas the oxidising 
ferment is immediately destroyed by it. 

The methods by means of which we can make a qualitative 
and quantitative investigation of these ferments are as 
follows : — 

The Oxidising action can be recognised, in particular, by 
means of the formation of indophenoL When the bruised tissue * 
or extracts of organs ^ are mixed with an alkaline solution of a 
mixture of OrnaplUliol and p-phenyldiamine (or di- or tetra- 
methyl-para-phenylenediamine *), a blue coloration results on 
the absorption of oxygen, due to the formation of indophenol, as 
was first observed by Ehrlich.^ Röhmann and Spitzer tlien 
found that the bruised tissue of organs was also able to bring 
about similar synthetic oxidations, for which two atoms of 
oxygen were required — e.g., those oiindamines and eurliodines. 

Other colour reactions are the formation of a blue colour in 
guaiacum tincturey the dark-brown coloration of p-^henylene- 
diamine, and tlie garnet-red coloration of guaiacol (Bourquelot*). 

ScHAAR 7 considers that the blue coloration of guaiacum is due 
to giLaiaconic acid, which forms a blue compound with ozone. 

Another method of quantitatively determining the activity 
of the enzymes is due to Schmiedeberg ^ and his pupils. They 
allow the substances under examination to act upon salicylic 
cldehyde or berizyl alcohol, and determine the amounts of 
salicylic acid (colorimetrically with ferric chloride) or benzoic 
4icid produced. Pohl ® also uses formaldehyde, which is oxidised 
to formic acid; Spitzer^* arsenious amd, which produces arsenic 
add. 

The most suitable appears to be salicylic aldehyde. 

The enzymes in question appear to vary in their nature. 

1 Spitzer, Berl. Hin. Woch., 949, 1894. 

^ Ri^hmaim and Spitzer, Ber, d. d. chem. Ges., xxviii., 567, 1895. Spitzer» 
Pflüg. A., Ix., 303. 
3 Pohl, A. f. exp. Path., xxxviii., 65. 

* Wurster, Ber. d. d. chem. Ges., xix., 3195, 1886. 

* Ehrlich, loc. cit. 

« Bourquelot, C. R. Soc. Biol., xlvi., 896, 1S96. 
7 Schaar, Apotheker- Zeitg., 749. 1894. 

B Schmiedeberg, A. /. exp. Pathol., xiv., 288, 379. Jacquet, ibid.^ ix., 
386. 

» Pohl, ibid., xxxviii., 65. 
1» Spitzer, Pflüg. Arch., Ixxi., 696. 
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In the first place we must clearly ascertain which of all these 
reactions can really be attributed to enzymic action. 

BouBQUELOT,^ to whom we are also indebted for much 

«xperimental material on this question, concludes that in all 

these catalytic oxidations there is a transference of oxygen. 

All these processes, therefore, can only occur in the presence of 

Jiree oxygen. 

He classifies these oxidising substances in four groups. 

The first is occupied by ozone alone, which has an inherent 
power of conveying oxygen, and of turning guaicusum tincture 
bhie. 

The second group comprises the ozonides or ozone-carriers of 
Schönbein as, e.g., quinone, which, owing to the active ozone it 
contains, gives for a time in an aqueous solution all these 
colour reactions, but immediately loses this oxidising power on 
contact with many organic substances — e.g,y milk, hhod, kc. — as 
also on heading and standing. 

Bourquelot's third group comprises the true oxydases, which 
can be distinguished from the second group by the fact that 
their activity is not dependent on a definite quantity of an 
oxidising agent like ozone, since, being true ferments, they 
continue to convey oxygen until their activity is put an end 
to by the agents which destroy ferments, notably by boiling. 

Lastly, he difierentiates as the fowrth group auch substances 
as produce oxidising reactions in the presence of hydrogen peroxide, 
and only then, since they use the hydrogen peroxide as the source 
of the oxygen to be conveyed. Such substances are also of fre- 
quent occurrence in vegetable and animal secretions. Abelous 
and BiARNÄs ^ term them indirect oxydases. Their activity also is 
destroyed by boiling. Hydrogen peroxide is also decomposed by 
the true oxydases as by all ferments, but their oxidising action 
is not inseparably connected with it. Moreover, the genuine 
ferment here is also probably distinct from the principle which 
decomposes hydrogen peroxide (Bouequelot*). 

Hence, before an oxidation of this kind can be attributed to a 
true "oxydase" the possibility of its being an ozone reaction 
must first be eliminated ; and secondly, the substratum must be 
free from hydrogen peroxide, with the aid of which indirect oxy- 
dases might also cause oxidation. 

It is not yet possible, however, following this rule, to attribute 

1 Bourquelot, C. R. Soc. Bid., 402, 1897. 
3 Abelous and Biarn^, C. JR. Soc. Biol., 495, 1898. 
»Bourquelot, C B, Soc. Biol., 381, 1898. C/. Jacobson, Z. phyaiol. 
Chem., xvi., 340. 
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with certainty all the recorded oxidation processes in animal 
and vegetable tissues to the action of true oxydases ; indeed, the 
whole question is theoretically still so little ripe for discussion 
that we will content ourselves with giving a summary of what 
has been discovered experimentally. Of the animal oxydases 
salicylase (Abelous), which oxidises salicylic aldehyde, has been. 
the most thoroughly investigated. 

In the living organ the enzyme is attached to the cells ; it can, 
therefore, be detected in the organ immediately after death, and 
in the freshly-bruised tissue of the organ (Jacquet ^). On the 
other band, glycerin or chloroform and water extracts of the 
living organs are inactive, though active extracts are readily 
obtained from the dead organs (Pohl^). 

It does not give the indo-phenol reaction. 

The oxidising capacity of surviving organs is not interfered 
with by either poisons or freezing (Jacquet). Only hydrocyamic 
acid and hydroxylamine have a restrictive influence (Rohm ANN 
and Spitzer '). Alcohol in the concentration of 80 per cent, does 
not injure the ferment, and hence the organ can be treated with 
such alcohol, and the ferment precipitated with it and kept in & 
dry condition ; it remains active. Alcohol of 96 per cent, strength, 
however, appears to destroy it slowly (Schwiening*), as do also 
alkalies and adds (Spitzer). It is readily soluble in water. It 
acts best at 60" C. ; at 100' C, it is very rapidly destroyed 
(Abelous and Biarn^s^). Abelous and Biarn^ have alsa 
proved experimentally that during the action of the ferment 
there is an absorption of oxygen and a liberation of carbon 
dioxide. 

As regards the activity of different organs the following state- 
ments have been made: — The blood, according to Jacquet,* 
contains no oxydase, but this is disputed by Salkowski ^ and 
by Abelous and Biarnes.^ According to the last-named 
authorities, the TmLScle^ nerves^ and pancreas have practically no 
action, but the liver ^ lungs, and spleen a very energetic one» 
Abelous states that the organs of young anirnals contain more 

> Jacquet, A,/, exp. Pathol. , xxix, 386. 
'^ Pohl, A. f. exp. Pathol. t xxxviii., 65. 
' Rohmann and Spitzer, Ber. d. d. chem. Ges.y xxviii., 567, 1895. 

* Schwiening, Virch. A., cxxxvi., 478. 

6 Abelona and Biarnda, Arch. d. Physiol, 195, 239, 1895 ; C. R. Soc. Biol., 
xlviii., 97, 262. 

* Jacquet, A. exp. Path., xxix., 386. 

'Salkowski, Z. physiol. Ch., vii. Centralbl. med. Wiss., 913, 1894. 
Virch, Arch., cxlvii., 1. 
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ferment. Jacobt * has investigated aalicylase in various ways. 
He found that it was without action upon sodium thiosulphate, 
acetic acid, and stearic acid. The last experiment was made 
with reference to the possihle formation of sugar from fat by 
oxidation, which is said to occur in the body. 

Chloroform in small quantities was found to have a stimu- 
lating efied), but in greater concentration was injurious. On 
the other hand sodium carbonate proved to be extremely inju- 
rious, a 1 per cent, solution of it preventing the action of the 
ferment, and sodium hydroxide solution was still more preju- 
dicial. 

He has recently attempted to isolate the salicylaae of 
the liver in the following manner : — The livers of oxen were 
triturated with quartz sand, and the extracts fractionally preci- 
pitated with ammonium sulphate. The precipitate was extracted 
with water, precipitated with alcohol, again extracted, and pre- 
cipitated with uranium acetate. The preparation gave neither 
the biuret nor Millon's reaction. The ferment was destroyed 
by boiling and by free acids and alkalies. 

Medwedew ^ considers that he is justified, even at this stage, in bringing 
the action of the ferment within the bounds of mathematical formulie. Thus, 
he asserts that ** the quantity of salicylic acid formed in 1 volume-unit is 
proportional to the s<^uare of the concentration of the oxidation-ferment, 
and inversely proportional to the square-root of the concentration of the 
saUcylic aldehyde." In my opinion it is not difficult to form a correct 
estimate of such speculations. They are based on such uncertain premises, 
and the action of the ferment is far too subject to very uncontrollable 
influences, for a strictly arithmetical conception of these factors to be 
formed as yet. Above all, the idea conveyed by concentrcUion of the 
ferment is exceedingly vague. Naturally it is much more likely that the 
concentration of the medium has an influence. 

Besides this salicylic aldehyde-oxidising ferment, there are 
other ferments in the bodies of animals. 

According to the results which have been published up to 
the present, we can practically differentiate the following 
enzymes : — 

1. The salicylate of which we have been speaking, which 
oxidises salicylic aldehyde to salicylic acid. Doubtless it is 
identical with the agent that oxidises benzyl alcohol, formaldehydey 
and arsenious add. 

To the same group probably belong the oxidising principles 
which Spitzer* attributes to the nucleo^oteids, 

1 Jaooby, Virch, A,, clvii., 235, 1899. Z. physiol, Ch., xxx., 135. 
« Medwedew, Pflüg. Arch,, Ixv., 249, 1897. 
* Spitzer, Pflüg, A,, Ixvü., 615. 
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II. The agent, only found in the liver and spleen or their 
extracts, which n^cts specifically on purine derivatives. After 
twenty-four hours' digestion with these extracts, with precau- 
tions to exclude putrefaction, Spitzer ' succeeded in converting 
xanthine (oxypurine) and hypoxanthine (dioxypurine) almost 
quantitatively into uric acid, which is a trioxypurine. Adenine 
and gww^ine were only partially oxidised. 

III. The third main group comprises the oxydases which 
turn griuiacum tincture blue, but have no action upon salicylic 
aldehyde (Abelous and Biarnäs^)^ 

They are akin to the vegetable oxydases to be described 
presently. 

Their type is the so-called globulin-oxydase of Abelous and 
BiARNts,^ which is insoluble in water. They found it in bloody 
in fresh saline solutions of fibrin, in the residue from artificial 
trypsin and papain digestions, the filtrate from which proved 
inactive, and in various organs. They regard it as an enzyme 
in close combination with globulin, like Traube's' oxidation- 
ferment with myosin. According to Portier,* however, it is 
not connected with fibrin, but originates with the leucocytes. 

Similar oxydases turning guaiacum tincture blue were disco- 
vered by GiARD^ in two ascidioi; by PitRi and Portier^ in the 
blood, antennae, and gills of molluscs {Artemis exolefa and Ostrea 
edvlie [Oyster]); by Abelous and Biarn^s^ and Hugounencq 
and Paviot^ in crabs; and by Biedermann® in the intestinal 
secretions of the meal-worm {Tenebrio molitor). 

Carnot '^ found a similar enzyme in the saliva of all human 
beings and of some animals, e.g., in that of the dog, as well as 
in the secretion of the nose, in pus, and in tears. He did not 
find it in the urine, bile, or intestinal secretions, but detected 
traces of it in milk. 

There is an uncertainty as to the position of many oxidising agents 
which act either on artificially-added colouring* matters (^-phenylene- 

1 Spitzer, Pflüg, A,, Ixxvi., 192, 1899. 

2 Abelous and Biarnfes, C. B. Soc. Biol,, 285, 493, 659, 576, 1897 ; 496, 
1898. Arch. d. Physiol. , 664, 1898. 

' Traube, Ber, d. d. chem. Ges., xv., 659, 1882. 

* Portier, C. B. Soc. Biol., l, 452, 1898. 

« Giard, G. B. Soc. Biol., xlviii., 483, 1896. 

• Pi^ri and Portier, Gomptea Bendue, cxxiii., 1314. Arch. d. Phys., 61, 
1897. 

7 Abelous and Biamte, C. B. Soc. Biol., 176, 249, 1897. 

* Hugounencq and Paviot, G. B. Soc Bid., xlviii., 1896. 

• Biedermann, Pflüg. Arch., Ixxii, 166, 1898. 

'• Camot, G. B. Soc. Biol., xlviii., 552, 1896. See also Dnpouy, «/otim. 
Pharjn, Ghim. [6], viii., 661 ; Maly's Jb., 729, 1899. 
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diamine ahme or with «-naphthol, &c.) or upon natural chromogenic 
substances, and which also have an action upon phenols and tyrosine. 
Tyrosinase, with which we shall deal more fully when describing the 
Tegetable oxydases or a similar enzyme, has only been found in the animal 
kingdom by Biedermann,^ in the intestinal secretion of Tenehrio molitor. 
A ferment which colours a naturally-occurring chromogen was found by 
Phisaux ^ in the skin of the frog. 

They appear, however, to belong to the oxydases which turn guaiacum 
blue ; and, on the other hand, Camot {loc, cxL.) was also able to observe a 
violet coloration of p-phenylenediamint in the case of the enzymes discovered 
by him. He also, however, observed the oxidation of hydroquinone^ which 
is regarded as a function of Bertrand's laccase (vide i7i/ra). 

The decomi>osition of fats, and also of free palmitic acid, by a mixture of 
blood and extract of liver has been affirmed by Weiss,' but denied by 
Blumenthal.* In this process s^tgar is said to be produced — a fact which, 
would be of great importance to the supporters of the view that part of the 
sugar in diabetes is derived from fats. The disappearance of fats in the 
circulation of the blood has been closely studied by Cohnstein and 
Michaelis.* 

Indirect Oxydases — i.e., those which only cause oxidation in 
tJie presetice of hydrogen peroxide — are equally widely distributed, 
c.<7., in serum, which contains tvo true oxydase ; in milk, &c. 
(see BouRQUELOT ^). It must not be overlooked that old 
guaictcum tincture frequently contains hydrogen peroxide, since, 
otherwise, true oxydases may be mistaken. It is, therefore, 
essential to always employ fresh solutions. Indirect oxydases 
were found by Abelous^ in various tissues, and by LfepiNOis* 
and others in extracts of liver. 

LiNOSSiER® found an oxydase of this kind which turned 
guaiacum tincture blue, in pus. Klebs *® was the first to call 
attention to the fact that guaiacum tincture was turned blue by 
pus. Chloroform, hydrocyanic acid, &c,, do not destroy the 
activity of the ferment. Similarly, the chloroform and water 
extract of the precipitate obtained with alcohol was found to be 
active. 

We must still spare a few words for Spitzer's nucleo-proteida 
{vide 8%ipra). Spitzer ascribes to the nucleo-proteids — i.e., the 
specific substances of the cell-protoplasm — an importance as oxy- 

1 Biedermann, Pflüg, A,, Ixxii., 152, 1808. 

2 Phisalix, C. R. Soc. Biol., 1., 793, 1898. 
=* Weiss, Z. phys, Ch,, xxiv., 542. 

* Blumenthal, Z.f phyHk. u. diät. Therapie, 250,' 1898. 

' Cohnstein and Michaelis, Pflüg. A., Ixv., 473 ; Ixix., 76 ; Summary 
in Medic. Woche, No. 16, 1900. 

• Bourquelot, C. JR. Soc. Biol., 402, 1S98. 
7 AbelouB, G. R. Soc. Biol., 328, 1899. 

« L^pinois, C. R. Soc. Biol,, 428, 1899. 
» Linossier, C. R. Soc. Biol., 373, 1898. 
^ Klebs, quoted by Linossier, 
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^en conveyors extending beyond life, and believes that this is to 
be attributed to the peculiar state of combination of the iron in 
these substances. It is not clear whether he assumes that there 
is an actual combination of the oxygen and a subsequent libera- 
tion — i,e,y a metabolic process of oxidation and reduction, as in the 
case of the colouring matter of the blood — or prefers to attribute 
it to the action of a ierment. In either case his results, taken 
in connection with the impossibility of obtaining other ferments 
in a pure condition, are very noteworthy and of the greatest 
theoretical importance for the further consideration of ferments 
find processes allied to them, the more so since other ferments 
{pepsin, diastase) have been claimed to be nucleo-proteids. 
What really is the case here, and whether there is possibly a 
6ort of intermediate link between the true fermentative and 
other allied processes to which the phenomenon is due, cannot, 
for the present at least, be decided. This result is also worthy 
of great attention from a biological point of view. It enables 
conclusions to be drawn as to the function of the nucleo-proteids 
in the living cell or in its nucleus. It is also possible, on these 
grounds, to claim an important part in the oxidation processes 
of the cell for the living nucleus. 

Yet it is surely going too far to remove the nucleus from the 
lofty pedestal on which, by general consent, it is enthroned, and 
to degrade it to a simple instrument of oxidation, or, as it 
were, a force-machine of the cell, as Jacques Loeb^ wishes 
to do. 

Whilst, hitherto, the fact that protoplasmic fragments devoid 
of nucleus are incapable of development has led to the conclu- 
sion that the nucleus is essential for the reproduction of life, 
LoEB believes that he is justified in ascribing this deficiency 
solely to an insufficient eocchange of oxygen due to the absence of 
the nucleus. In support of this view he has pointed out that he 
was able to keep alive for a long time (5 to 6 weeks) fragments 
of algse containing no nucleus, but capable of assimilating, by 
reason of their chlorophyll, and producing oxygen, whereas 
infiisoria which contained no nuclei speedily perished. He has, 
further, come to the conclusion that the distance between two 
nuclei cannot exceed a certain maximum without the inter- 
vening protoplasm being <* sufibcated." This is not the place to 
further elaborate this question, as all I wish to do is to place 
the significance of Spitzer's results in the proper light. 

The " Urea-producing Ferment." — A study of the question of 
the " urea-producing ferment " furnishes an unmistakable proof 

^ J. Loeb, Arch./. BfUtnckelungamech,, viii, 689, 1899. 
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of how necessary it is to form a clear conception of the notion 
of a ferment. 

It is well known that a lar^e portion of the excreted urea 
is synthetically formed in the liver from ammonium carbonate. 
Since now a series of decomposing functions of this organ can be 
attributed to enzymes, which are also active in aqueous extracts, 
the idea has occurred of determining whether the synthesis of 
urea, which can be demonstrated in the still-living organ after 
the blood has drained off, could not also be detected in aqueous 
extracts of the liver. Spitzer ^ draws an exact parallel between 
the processes of oxidation and the synthetic formation of urea, 
and is surprised that all attempts to produce urea from ammo- 
nium salts have been unsuccessful. We know that these attempts 
were hopeless from the first. 

For the synthetic formation of urea is sl purely vital endothermic 
process, which can be demonstrated in the surviving organs, but 
can never be attributed to the action of a ferment. A ferment 
can decompose and oxidise, but can never eifect syntheses. The 
vital production of urea from ammonium salts is far rather to 
be placed on an analogy with the synthetic metabolism of 
plam^. 

There appears, however, to be a urea -producing ferment, 
although in quite another sense. Richet,^ for example, claims 
to have obtained from the liver an enzyme which could be pre- 
cipitated by alcohol, and which formed urea by decomposition 
from more highly complex molecules. GorrLiEB,* too, found 
that there was an increase in the amount of urea on digesting 
an extract of liver under aseptic conditions. Theoretically, this 
is quite possible, especially so, since we know that arginine^ 
a tryptic decomposition-product of the proteids, is decomposed 
by simple hydrolysis, with the liberation of urea. Urea, indeed, 
has long been known as a hydrolytic decomposition product of 
proteids. It would thus be quite possible for there to be another 
source of urea in addition to its purely vital synthesis ; that it 
is also formed by decomposition processes which are produced 
by enzymes. Hofmeister^ has shown that urea can also be 
formed by the combined decomposition and oxidation, particu- 
larly of amido-acids and oxy-acids, in the presence of ammonia. 

Subsequently it was confirmed by Cuassevamt and Richet^ 

1 Spitzer, Pflüg. Arch., had., 596, 1898. 

a Riebet, C. Ä., cxviii , 1127. C. R. Soc. Biol., 525, 1894. 

' GottUeb, Munch, med. Woch^ 547, 1895. 

* Hofmeister, A./, exper. Path., xxxvii., 426, 1896. 

* Chassevant and Riebet, C. H. Soc Bid., zlix., 743, 1897. 

. 19 
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and by Schwarz* that urea increased in extracts of liver pre- 
served under aseptic conditions; and that in this process 
avmnonium salts and proteids and, according to Schwarz, also 
oxamic acid had no influence, but that a/n addition of sodium uratSy 
and also, according to LoEWi,^ of glycocoU and leucine caused the 
proportion of urea to rise considerably, whilst the uric acid 
decreased. It thus appears to effect a decomposition of v/ric acid 
into vnrea. According to LoEWi,^ however, this substance is not 
wrea, but another nitrogenous compound of which nothing further 
is known. Jacoby,' who found the ferment in extracts of dogs' 
livers, appears rather to believe in a formation of alla/ntoin from 
uric acid. This indeed occurs as a metabolic product of uric 
acid, and might easily be mistaken for urea. The decomposition 
of uric acid in the liver was also confirmed by Ascoli.* 

Loewi also obtained the ferment in a dry condition by preci- 
pitation with alcohol The existence of a ferment of this kind is 
thus established, but it is still doubtful what it attacks and 
what product it yields. 

The Glycolytic Ferment. — The question of the so-called 
<* glycolytic " ferment of the blood and tissues is most inti- 
mately connected with that of the oxydases. 

Ol. Bernard^ observed that the sugar in the blood disap- 
peared fairly rapidly on standing, but yet attributed no special 
significance to this discovery. Lepine^ was the first to devote 
greater attention to this phenomenon, particularly with refer- 
ence to the etiology of diabetes mellitus, the variety of diabetes 
in which sugar occurs in the urine. He came to the conclusion 
that the cause of the overloading of the blood with grape- 
sugar resulted from an insufficient assimilation of sugar; 
and that this again was due to a decrease in the glycolytic 
power of the blood, which he attributed to a Jerment. The 
glycolytic function belongs to the leucocytes, whilst the serum is 
inactive. 

Glycolysis is by no means a function of the activity of the 
cells, for the ferment can be extracted by means of a solution of 
common salt from the blood-corpuscles after separation in a 
centrifugal machine. 

1 Schwarz, A, f. exper. Path,, xli., 60, 189S. 
« Loewi, Z, phyeiol, Ch., xxv., 511, 1898. 
» Jacoby, Vtrch. Arch., clvü., 236, 1899. 

* AacoU, Pßüa. Arch., Ixxii., 340, 1898. 

" CI. Bernard, Vorleag. üb. Diabetes, 195, 1878 ; German translation 
by Poener. 

* Löpine. Detailed quotation from his own work in the Wiener med. 
Presse, No. 26 et seq., 1892. 
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The coagulated fibrin contains the ferment which, however, is attached 
not to the fibrin but to the entangled leucocytes. On washing the 
coofftdum with water it passes into solution. 

Lupine farther assumes that this ferment can also become 
detached from the leucocytes intra vitam. Its formation is a 
function of the pcmcreas. When the pancreas is atirmUatedy e.g., 
by the removal of the Wirsungian duct, or severing of the nerves, 
the glycolysis is increased ; on extirpation of the pancreas it is 
said to disappear. The pancreatic vein contains more ferment 
than the vein of the spleen. PIl,* however, found that the 
amount of sugar in the pancreatic vein opposite the artery was 
not diminished. 

The cessation of the normal function of the pancreas — i.6., of 
the glycolytic ferment — is regarded by Lepine as one of the causes 
of Diabetes meUitus, since in this disease a diminution in the 
glycolytic capacity of the blood runs parallel with the affection 
of the pancreas. This does not, however, apply to phloridzin 
diabetes. 

In addition to this numerical diminution of the glycolyms, Lepine 
" ' brines forward, in support of his view, an experiment, in which, in 



the case of a dog made diabetic by the extirpation of the pancreas, he was 
able to lower the excretion of sugar in the urine by injecting into the 
circulation normal chyle — 1.6., containing ferment. 

Whilst, then, the existence of a glycolytic ferment has been 
generally established, the views as to its mode of production, 
nature, and significance differ widely (Habley,* SAirsoMi,^ 
Gaglio *). 

^ Seegen * and Abthus ® regard glycolysis as a post-mortem 
phenomenon. According to Arthus the ferment has its origin 
in the leucocytes, or as he cautiously expresses it : — " D' Elements 
figures autres que les globules rouges." This receives support 
from an observation of Hahn,^ who was able to show the 
probability of an increase of the ferment in hyperleucocytosis. 

Arthus, in agreement with Colenbbandeb,^ brings the glycolytic fimction 
into close connection with the coagulation of the blood — t.e., th.^ ßbrin 

1 Pal, Wiener Idin. Woch,, 4, 1891. 

* Harley, Journal of Physiol.^ xii., 391. 
' Sansoni, Riforma medica, 1891. 

* Gaglio, Biforma medical 1891, quoted with the preceding reference by 
Minkowski, Arch. J. Exp. Path., xxxi., 175, 1893. 

I .• Seegen, CeiUralbl. /. PAy«., v., Noe. 25, 26, 1891. Wierusr Uin. Woch., 
207, 1892. 

• Arthus, Archives d. Phya. [5], iii., 425, 1891 ; [51 iv., 337, 1892. 
7 Hahn, BeH. Hin. Woch„ 499, 1897. 

• Colenbrander, Mtdj^s Jh., 137, 1892. r^ ^^^T^ 
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ferment. The same substances which, through preserving the leucocytes» 
prevent the development of the fibrin ferment— 6.g., sodium fluoride and 
leech extract (Colekbbandeii) — also interfere with the alycolytic fawAion^ 
The influence of leech extract is confirmed by Rywo^h.^ 

Although Lupine (loc gU,) has attempted to contest the 
relationship to the coagulation of the blood, and maintain the 
position of the glycolytic function as a distinct process, yet, in 
any case, the significance of his results for the pathogenesis of 
Diabetes meUUiiS has been very greatly reduced by the fietct that 
other investigators (Minkowski,^ Kraüs,^ Spitzer*) were not 
able to confirm the statement that the glycolytic ferment was 
diminished in diabetes. Kraus, it is true, found the glycolytic 
ferment in the blood ; he even proved that oxygen was absorbed 
in the process, and carbon dioxide produced; the glycolysis, 
however, according to him, is not greater in normal than in 
diabetic blood ; it is only relatively greater on account of the 
smaller proportion of sugar. 

Spitzer confirmed the statement that the glycolytic force of 
diabetic blood is the same as that of normal blood, and also 
showed that this oxidising force was not confined to the ceiUs of 
the bloody but that it was common to all cells, from which it 
appeared that the glycolytic property of the blood was no longer 
to be regarded as a specific activity but as a manifestation of 
the oxydases mentioned above. Saleowski,^ too, agrees with 
this view. 

L£:pike ^ has asserted, in later publications, that the glycolytic 
ferment is not identical with the oxidising ferment, and has 
claimed that the former can be artificially obtained from malt- 
diastase by treatment with dilute (02 per cent.) sulphuric 
acid. These assertions, howeyer, are contradicted by Pad^sri ^ 
and by Nasse and Framm.^ Jacoby,^ &g&ii^ maintains that 
there is a difference between the two ferments. He found 
that the glycolytic ferment was destroyed, even by a temperar 
ture of 58" C, whereas salicylase did not become completely 
inactive even at 75° C. 

1 Rywosch, CentraM.f. Phys., xi., 495, 1897. 

2 Minkowski, Bed. Hin. Woch., 5, 1892; Ä. /. exp. Path,, xxxL, 175, 
1893. 

» Kraus, ZUich. /. Uin, Med,, xxi., 315. 

* Spitzer. Berl. Uin. Woch,, 949, 1894. Pflüg. Arch., be, 303. 

* Salkowski, Virch. A,, oxlvii. 

• L^oine. Comptes Bendus, cxx., 139, 1895. 

; l^aaeii, .90 . med, chir. de Pavia, 1896. Ualy'a Jb., 121, 1896. 
» Nasse anu Framm. Pflüg Arch., bciü., 203, 1896. 

• Ja^oby, Vt^^ ^,^ ^^^ 235, 1899. n ' \ 
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It behayes in every respect like the enzymes in general, is 
destroyed by boiling, combines with fresh fibrin, <kc. According 
to Löpine, its optimum lies at about 45" 0., and at 56' C. it is 
soon destroyed.' Seegen found that its action was favoured by 
the introduction of air. Blood-serum weakens its action, as 
does also, to a notable extent, foreign blood.^ Seegen was 
unable to detect the formation of either ca/rbon dioxide or lactic 
add. Kraus found that there was an absorption of oxygen and 
production of carbon dioxide. 

AcHARD and Weil ^ also conclude that the glycolytic capacity is, om a 
rvley diminished in diabetes. They found that in diabetic patients the 
normal function of the organism to consume glucose aubcutaneoualy intro» 
duced was weakened, so that sugar rapidly appeared in the urine ; 
moreover, in the case of certain non-diabetic fuU-oodied individuals who 
were addicted to alcohol, it was possible to produce glycosuria in this way, 
BO that Achard and Weil are inclined to speak of a **formefruste" of 
diabetes. 

On the other hand, only traces of galactose and fructose pass into the 
urine when these substances are subcutaneously injected in such cases. 

My own experiments have, unfortunately, not yet led to any 
definite conclusion. I have endeavoured to throw light upon 
the question of what becomes of the sugar in the glycolysis in ' 
the blood. If the decomposition be regarded as /ermentativef it 
is reasonable to suppose that there is either a formation of 
alcohol or of lactic acid. Both, indeed, are met with in the 
organism under certain conditions. 

I was unable to detect alcohol, in any notable quantity at 
least, in blood into which sugar had artificially been introduced, 
and which had been left for forty-eight hours in an incubating 
chamber, with precautions to prevent putrefaction ; I obtained, 
however, traces of a body which yielded iodoform, and which 
did not give Denigös' acetone reaction. 

On the other hand, there appears, from the results of a series 
of experiments, to be a formation of lactic acid, so that, if these 
results are confirmed in the continuation of my work, the 
glycolytic ferment may be regarded as a lactic-actd producing 
enzyme (see Lctctic Acid Fermentation), 

In addition to the blood, the glycolytic ferment also occurs in 
various organs. Here, too, dififerences between it and the 
oxidising ferment appear. Thus, Jacoby (he. cit.) found the 
oxydase in the liver of a diabetic patient, although the glycolytic 
/unction had disappeared. Blumenthal' found that the pancreas 



1 Hahn, Berl. klin, Woch., 499, 1897. 

2 Achard and Weil, C. R Soe. Biol., 139, 986, 1898. 

» Blumenthal, Z,f, physUeal, u, diateL Ther., 620, 1898. 
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had a strong glycolytic action, but only a slight oxidising power, 
whereas the ^een had exactly the contrary properties. 

Blumenthal has obtained, by a method similar to that used by 
Büchner for the preparation of zymase (vide supra), extracts 
expressed at 75 to 100 atmospheres from the liver, &c, ; and, in 
particular, from the pancreas, which have, he states, a glycolytic 
action, and also produce carbon dioxide. 

Attempts to effect the cure of diabetes by means of such 
expressed glycolytic extracts have as yet yielded as little 
definite result as has feeding with pancreas, kc.^ His results 
have recently been questioned by Umbee,^ who found that the 
glycolytic capacity of the pancreas and pancreatic-venous blood 
was no greater than that possessed by the blood in general. 
He ascribed the evolution of gas from the expressed extracts to 
the action of bacteria. 

PiEBALLiNi ' could not detect as great a glycolytic capacity in 
the human pancreas (from cadaveric material) as Blumenthal 
found in the fresh organs. 

The occurrence of a glycolytic ferment in urine is very 
questionable. 

Jeoorln. — Since the measurement of the amount of sugar in the blood is 
based on its reducing capacity, all methods of estimating sugar in the blood 
suffer from the drawback that, for the most part, the sugar in the blood 
does not occur in the free state, but in combination with lecithin. From 
this combination it is only liberated by decomposition, whilst this com- 
pound by itself also causes some reduction. 

This compound, which is soluble in ether, was first found by Dbechsiel ^ 
in the liver, and named jecorin by him. He regarded it as a Compound of 
lecithin with a sugar. This was confirmed by Manassb,' and the sugar 
recognised as glucose. Jecorin was found in the blood by Jaoobsen ' and 
Henriques.^ Bino^ then succeeded in proving that sugar which is 
introduced into the blood also enters into combinritton to form jecorin, and 
that a substance closely resembling jecorin can also be obtained from pure 
lecithin and grape sugar. 

The Oxydases of Plants.— It was observed by Schönbein ^ 
that the cells of plants contained substances with a catalytic 

^ For the bibliography, see Blumenthal, loc. cit. 
« Umber, Z. Min. Med., xxxix., 12, 1900. 
» Pierallini, Z. klin. Med., xxxix., 26, 1900. 

* Drechsel, J.f. pr. Ch., N.S., xrxiii., 425, 1886. 
' Manasse, Z. physiol. Gh., xx., 478, 1895. 

* Jacobsen, CentralbLf. Phys., vi, 369, 1892. 
^ Henriques, Z. physiol. Gh., xxiii., 244, 1897. 



■ Bing, Centram. f. Physiol., xü., 210, 1898. 
• Schonbein and others, Z. /. B' ' 



, _„. Bid., 1888. A survey of the whole of 

Schönbein*B researches on this subject is given by Sonaer, Z. /. Biol., 
xxxvii., 920, 1899. 
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action similar to those in animal cells, which were recognised 
by their action upon hydrogen peroxidey and by the spontaneous 
alterations in colour — e.g.^ oi fv/ngi. The spontaneous oxidation 
of natural vegetable chromogens was then described by Ffeffeb.^ 
Strüve^ found that pyrogallol was oxidised to purpurogallin 
when brought into contact with gum arabic ; van den Bboek ' 
observed that the extracts from many plants turned guaiacum 
tincture blue, as was also tound by Schaeb ^ to be the case with 
Phytolacca decandra, malt infusion, &c, Fohl^ was able to 
obtain the indophenol reaction with vegetable extracts — e.g., of 
pine-needles — but could not effect the oxidation of formaldehyde 
by their means. 

Then Bebtband ^ published in numerous communications the 
results of his researches on an oxidising ferment, laccase, which 
he had first obtained from the Tonkin lac-tree, Uhus vernicifera. 
This ferment, which had already been briefly described by 
Yoshida/ causes the oxidation of the yellow sap of the bark 
into a beautiful deep-black lac. Bertrand also discovered it in 
many phanerogams and fungiy and also in gum arabic. Laccase 
consists for the most part of carbohydrates, which in the decom- 
position yield galactose and arabinose, and of mineral consti- 
tuents rich in manganese. It is stated to be devoid of nitrogen. 
It is specially characterised by the fact that it oxidises multi- 
valent phenols — such sa pyrogallol, hydroquinone, <kc., but leaves 
the simple phenols intact. IMoreover, meta-phenols — such as 
phloroglucinol and metamidophenol remain unaltered, whilst para- 
phenols and, in particular, hydroquinone are readily attacked. 
His observations have been confirmed by other French investi- 
gators. ToLOMEi ^ found a ferment resembling laccase in wine, 
and attributed to it a share in the production of the boiiquet 
(vide infra " Oinoxydase "). 

BoüBQüBLOT* foimd that in the successive action of emuUin and a veee- 
table oxydase upon aalicin salicylic aldehyde was formed from the salicylic 
alcohol first produced, and concluded that a similar process might very 

1 Pfeffer, ßer. d. d. hot. Oes,, iii., 82, 1889. 

* Strove, Ann. d. Chem. u. Pharmac., clxiii., 160. Quoted from 
Bertrand, loc. cit. 

> van den Broek, JaJire^: d. Oh. v. Liebig u, Kopp, 455, 1849-50. 

* Schaer, Apotheherztg, 749, 1894. 

• Pohl, A. f. exp. Path., xxxviii., 65. 

•Bertrand, Comptea Rendu8. cxviii., 1215; oxx., 266; oxxi., 166, 783; 
CXXÜ., 1132. Archiv, d. Phynol., 23, 1896. 

7 Yoshida, Jowm. Chem. 8oc., xlüi., 472, 1883. 

8 Tolomei, Maly'a Jb., 913, 1896. 

• Bourquelot, C. R. Soc. Biol., xlviii., 616, 1896. 
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well play a part in the plants themselves — e.g.f SpiroBa tUmaria, in which 
salicylic aldehyde oconrs. 

Bertram D ^ claims to have found another oxydase, tyrosinase^ 
which has a specific action upon tyrosine in the juice of the beet, 
in the doMia, and in certain fwngi^ notably RussvZa, It is said 
to be an effective cause of the spontaneous dark coloration of 
beet juice. According to Bertrand it is distinct from Icuccase, 
with which it is associated. The ferment is very unstable, being 
destroyed by heating to 55° C. and by alcohol. 

Barlay ^ employs the tyrosinase of Bussvia delica for the detection of 
tyrosin in the mixed products of digestion, and claims to be able by its 
means to distin^ish between peptic and tryptio digestion. He also 
observed the typical brown coloration of tyrosin in papain digestions. 

Lcuxase has no action upon tyrosin. ' In his numerous re- 
searches on the enzymes oi fungi, Bourquelot^ has described, 
in addition to proteolytic ferments, oxidising ferments, which 
oxidise all phenols.^ He also found tyrosinase.^ Oxydases 
were also discovered by him in different gums.® 

Ket-Pailhade <^ found in parts of plants that characteristic 
ferment found in animal organs, which gives the indophenol 
reaction, which laccase does not, but differs from the animal 
ferment in being soluble in water and dilute alcohoL 

CoRXü ^ has found in almost all the organs of the vinty oxydases which 
are destroyed by absolute alcohoL 

The phosphorescence of animals and plants is attributed by Dubois * to 
an oxidising ferment, to which he has given the poetic name of luctferase. 

The fermentation of tobacco leaves, which has hitherto heen regarded 
as the work of bacteria, is also stated by LoEW ^® to be due to an oxydase. 

Another oxidising ferment is said to cause the "browning" or sudden 
colour-change of wine, a spontaneously-occurring discoloration. It is said 
to resemble laccase^ and has been named oinoxydase. It can be obtained 
from the wine by precipitation with alcohol, in combination with a body 
of the nature of a gum. It is also stated to play a part in the mtUuring of 

^ Bertrand, Comptes Jüendus, cxxii., 1215 ; cxxiii., 463. Bull, Soc. Chim,, 
793 1896» 

*'Harlay, Chem, CentraM,, 1899, ii.. 850; 1900, i., 676. 

* Bourquelot, Joum. d. Pluirm, et Chim. £6], iv., 145, 241, 440 ; v., 465 ; 
vi., 426. C. R. Soc. BioL, xlvüi., 811, 825, 893, 896, 1896. Bourquelot 
and Bertrand, BuU, Soc. Myc, xii., 18, 27. Reprint. 

* Bourquelot, Comptes Bendus, cxxiii., 315, 423. 

^ Bourquelot, Bull. Soc, Mycol,, xiii., 65. Reprint. 
« Bourquelot, C. B. Soc, Biol., xlix., 25, 1897. 

7 Rey-Pailhade, C. B, Soc Bid., xlviii., 479, 1896. 

8 Comu, Joum, d. Pharm, et Chim, [6], x., 342, 1899. 

* Dubois, Comptes Bendus, cxxiii., 653, 1896. 

10 Loew, (7. /. Baiteriol. [II.], vi, 109, 190a Quoted by Chem. Ztg. 
(March), 190a 

Digitized by VjOOQ IC 



THE OXYDASES. 297 

wine. It is destroyed on pastenrismg the wine at 60^*0. , and alBo by 
snlphnrons acid ; this is said to pa^<ially aooonnt for the beneficial 
effect of sulphuring the casks (Gouirakd,^ Maktinand,^ Laborde,' 
Cazbneuyb,^ Bouffaiu),' and others). Laborde identifies its activity with 
that of the fungus Botrytis cinerea, which, however, is disputed by 
Cazeneuve. Aspergillus^ &c., produce no oinoacydase. Brissemoket and 
JsAKKB* discovered an oxydase in digitalis. Lindet^ attributes the 
darkening of appU-juiee to an oxydase which oxidises the tannin. 

In considering this wholesale production of oxydases, dec, 
with those which the French biological chemists presented to 
us some years ago, we have the uneasy, dispiriting feeling that 
a large proportion of these enzymes would not stand the test of 
a close investigation, particularly since not one of them has been 
prepared in an approximately pure condition. The only German 
chemist who, to my knowledge, has studied laccase more closely 
is greatly inclined to attribute their " fermentative activity " to 
the long-known catalytic action of the manganese salts, of which 
they contain a large proportion (Rupp®). 

This opinion appears to be gradually gaining ground, even 
among the French. At least Bbrtrand^ has thought the 
catalytic action of the manganese salts in laccase worth a fuller 
investigation, and ascribes great importance to them. He does 
not, indeed, yet abandon the specific activity of laccase, but 
considers that the manganese salts can only be credited with a 
svhsidianry force, and therefore terms them co-ferments. The 
laccase from lucernes contains very little manganese, but also has 
a very weak action. He assumes that manganous oxide acts as 
the conveyor of oxygen, being alternately oxidised to manganese 
dioxide and giving up its oxygen again. The ferment itself is 
considered to be a salt-like compound of manganese oxide with 
a proteid nucleus, the former being the conveyor of the activity. 
He thus formulates speculations similar to those of Spitzer on 
his nucleo-proteids {mde p. 287). 

The theory of the oxydases also receives a severe blow by the 
discovery of Nasse and Framm ^^ that the blue coloration of 

' Gouirand, Covnptes Rendu», cxx., 887, 1895. 

' Martinand, Comptes Bendus, cxx., 1^26. 

' Laborde, Comptes Bendus, cxxiii., 1074, 1896. 

* Cazeneuve, Comptes Bendus, cxxiv., 406, 781, 1897. 
' Bouffard, Comptes Bendus, cxxix., 706. 

* Brissemoret and Jeanne, Journ, Pharm, et Chim. [6], viii., 481 ; Chem, 
CentrcUb., L, 133, 1899. 

^ Lindet, Comptes Bendus, cxx., 370, 1895. 

* Ruff. Private eommunuxUion. 

» Bertrand, Comptes Bendus, cxxiv., 1032, 1355, 1897. Cf. Denigte, 
Comptes Bendus, oxxx., 32, 1900. 
1® Nasse and Framm, Pflug. A., Ixiii. , 203, 1896. ^ 

Digitized by VjOOQ IC 



298 FERKEBNTS AKD THEIR ACTIONS. 

gnaiacum by the plant juices also occurs in the absence of oxygen, -^ 
they are much more inclined to assume the existence of hydroxy- 
lysing /erments. 

Be that as it may, the *' ferments " which produce the blue 
coloration ofguaicunim are still the most reliable. They occur, 
as was briefly mentioned above, in very many plants and parts 
of plants. As regards their activity, they can be classified into 
direct oxydases and indirect oxydases, which only turn guaiacum 
tincture blue through the medium of hydrogen peroxide, and 
which were first closely studied by Pfeffer.^ 

Baciborski 2 has observed this blue coloration with hydrogen 
peroxide and guaicu^um in very many plants, and notably in the 
leptoxylem, and attributes it to a special substance — leptomvn. 
Gruss,* later on, subjected the whole subject to a close investi- 
gation. He also found the " indirect " oxydases in the phloemy 
and in resting trees, in the newest tvood of all, in addition to the 
leptoxylem ; but not in the pith, in the xylem, or in the hark. 
After the winter's rest the medvMwry rays also began to show the 
reaction. 

On the other hand, he found direct oxydases specially in th& 
walls of the vessels. 

I cannot, of course, go into all the anatomical particulars of 
Grüss's work here, though I must still mention the very far- 
reaching theoretical conclusions which he draws from his results. 

Thus he propounds the theory that these oxidation reactions 
are very intimately connected with diastase. Although he- 
quotes Jacobsen's proof that a catalytic action can be attributed 
to diastase (see p. 45), he yet considers that he is justified, on 
the strength of his own experiments, in concluding that it is an 
essential characteristic of the diastase itself to bring about these 
catalytic actions. In this sense he regards the manifestation of 
certain catalytic reactions as very intimately connected and 
possibly identical with that of diastase, particularly the trcms- 
location diastase of Brown and Morris (see p. 170). He thus 
arrives at a classification of the oxidising ferments of plants into 
ihnree groups : — 

1. The a-oocydases are direct oxydases ; they occur in difierent 
parts of the plants, can be extracted with glycerin, and are 
destroyed by alcohol. 

2. The ß-oxydases are only active in the presence of hydrogen 
peroxide, and resist the influence of oxygen. To this group 



^ Pfeffer, Ber, d. d, hotan, Oes,, iii., 82, 1889. 
3 Raciborski, Ber. d. d. hotan, Oes,, xvi., 119, 
» Grüae, ibid. 
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belongs Raciborski's leptomin. They thus correspond to the 
indirect oxydases, 

3. The y-oxydcLses, They manifest themselves nnder special 
circumstances, e.g., after a hole has been bored into a potato 
and the wound has been allowed to heal, they are found only 
in the periderm cells of this wound. They have a strong hyd/ro- 
lytic action, but a weah catalytic one. And to this group, accord- 
ing to Grüss, belongs diastase, specially tra/nslocation diastase, 
though also secretion diastase and cytase ; on the other hand, the 
diastase of penicUlium does not possess oxidising properties.^ 

One can hardly accept this view, although it is dif&cult, 
especially for one who is not a botanist, to refute it experi- 
mentally. It remains to be seen whether it will not be opposed 
by experts in this subject.^ But we can hardly do otherwise 
than conclude that, although under certain conditions, diastase is 
possibly constantly accompanied by such catalytic substances, so 
that this reaction can be used with advantage for the detection of 
the ferment in the organs of plants ; yet there is still no suf- 
ficient ground for believing in the actual identity of diastase with 
such substances. 

^ Grüss, Festachr,/, Schvjendener, 184, 1899 (Berlin). 

^ This has since been done by Baciborski. See Flora, 1900. 
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CHAPTER XXIV. 

OXIDISING FERMENTATIONS. 

Whilst in the oxidising fermentations of which we have yet 
spoken, we have been dealing with enzymes, which effect tlie 
transference of oxygen without the co-operation of living cells, 
there is yet a series of processes in which oxidation occurs 
in such intimate connection with the living cells that it 
has been impossible, until recently at least, to isolate the 
active ferments from them. Yet here, too, we have to deal with 
exothermic processes of a specific nature, so that we have some 
justification for regarding them 9a fermentcUive processes. 
The main representative of this class of fermentations is 
The Acetic Fermentation. — The fact that dilute alcohol be- 
comes acid on standing has been known and applied to practical 
purpose from the earliest times. The chemical process which 
occurred was naturally not known until the beginning of modem 
chemical investigation. The first to observe the absorption of 
air — t.c, oxygen-— in this acetification of wine was Rozier^ 
towards the end of the 18th century. The equation of the 
process was then established mainly by Dobereineb.^ 

At a later period a contest raged between Liebig' and 
Pasteub * over the cause of the acetic fermentation on the same 
lines as that of which we have given an outline in discussing 
alcoholic fermentation. Here, too, Liebig's view of a fermen- 
tation produced by the spontaneous decomposition of albuminoid 
substances was opposed by the vital explanation of Pasteur's 
School, and here, too, the victory inclined to the supporters of 
the vitalistic theory. The connection of the acetic acid fermen- 
tation with a series of lower organisms was irrefutably proved.* 
Before going into this question further, we must first consider 
the chemistry of the reaction. It proceeds very simply in accord- 
ance with the equation — 

^ Quoted by A. Mayer, Gahrwngschemie^ 170. 
2 Dobereiuer, Schweigger^s Joum. /, Chemie., viii., 321. 
' Liebig, see, inter alia, Joum. /. pr. Ch., N. S., i., 35, 312. 
^ Pasteur, see in particular Etudes sur le Vinaigre, Paris, 1868. 
' For the history of the acetic fermentation see Lafar, C. /. Bctkt,, xiii., 
684, 1893. 
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CH3CH2OH + 20 = CH3. COOH + H2O, 

in which we must conclude that there is an intermediate 
formation of aceUddehyde^ CHj . OHO. 

The fermentative reaction strictly follows the course here 
represented, for the fact that small quantities of aldehyde can 
invariably be detected is not due to a secondary simultaneous 
process, but only represents the momentary stage in the course 
of the reaction, in which a production and further oxidation of 
the aldehyde is continually taking place. 

The conditions under which the production of vinegar proceeds 
belong, in the main, to the consideration of the influence of 
micro-organisms in general ; it only takes place in dilute solu- 
tions of alcohol, thriving best at 25** to 30° 0., is very slow below 
lO"* 0. and above 35"* C, .and completely stops at a temperature 
but little higher tlian this.^ 

The Biology of the Acatic FermentatioiL — As the liquids 
become sour a pellicle is formed upon them, the so-called mother- 
of vinegar^ which Liebig regarded as the ferment, which, in its 
decomposition, effected the transference of oxygen. 

This pellicle, however, was discovered, first by Kützing * and 
then by Thomson,* to be composed of living vegetable cells, 
which were subsequently described, notably by Pasteue,* under 
the name of Myccderma aceti, and regarded as the eflective cause 
of the acetic fermentation. Since, however, the name mycoderma 
would indicate a relationship with the hydding-fungi, which form 
similar pellicles upon alcoholic liquids without inducing acetic 
fermentation, the organisms which cause that fermentation have 
been grouped, in accordance with Zopfs proposal, under the 
generic name B(zcterium, which indicates their true position 
among the fission-fungi, 

A whole series of such acetic bacteria are now known. Besides the 
B. aceti, there are also recognised B, Pasteurianumy B. Kuetzingianum 
(Hansen*), B. oxidans, B. acetosum, B. acetigenum, Termobacterium aeeti, 
and many others.' 

^ By acclimatisation to a different method of manufacture, acetic bacteria 
in England thrive best at a much higher temperature-— 40** to 44"* C. 
— Translator. 

« Kützing, /. pr, CA., xi., 390. 

> Thomson, Ann, Chem. Pharm,, IxxxüL, 89, 1852. 

^Pasteur, see in particular Etvdes sur le Vinaigre, Paris, 1896. 

* Hansen, Untersuch, a, d, Technik, d. Oährungsgewerbes, 1895. 

' Of,, inter alios, Wermischeff, Ann. Past., 213, 1893; Henneberg, C,f, 
BalU., [2], iv., 14, 71, 1898; Hoyer, ibid., 867; Chem, Oentralbl,, i„ 864, 
1899. 
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The fact that a huddvng-fungus can also cause acetic fer- 
mentation has been recorded by Lafar.^ This, however, is 
not the case with the Saccharomyces mycoderma Reess, which 
does not induce acetic fermentation, but consumes the sugar 
directly. 

The spores of these micro-organisms are of universal occurrence 
in the atmosphere, so that alcoholic liquids exposed to the air 
are soon infected by them. If, on the other* hand, the air is 
excluded, the liquids remain sterile, and no acid fermentation 
«nsues. The fact that the presence of these bacteria is abso- 
lutely necessary for the acetic fermentation has been demon- 
strated in the same manner as in alcoholic fermentation, so 
that we need not go into this more closely here. Their vital 
conditions, too, closely resemble those of other micro-organisms. 
They are naturally aerophUe of necessity, thrive in all nutrient 
liquids, and are able, like the yeasts, to obtain their necessary 
nitrogen from ammonium salts. 

They are killed at about 60° 0., whilst their fermentative 
activity is extinguished at a somewhat lower temperature. At 
temperatures below 12" to 15° C. their activity is weakened; 
moreover, they are acted upon in a perfectly analogous manner 
to yeasts by protoplasm-poisons, though they exhibit a greater 
sensitiveness to the action of stdphuroibs add, so that wines can 
be successfully protected against their action by "sulphuring." 
It has been shown by Giünti^ that their development is greatly 
checked by direct sunlight, Tolomei^ found that currents of 
electricity prevented the acetic fermentation, though only during 
their actusd passage. Alcohol in the proportion of more than 
10 per cent, is fatal to them. One characteristic they naturally 
possess is that, in addition to their great sensitiveness to the 
action of alkalies (Henneberg ^), they offer great resistance to 
acetic a/yid. They appear to first attain their full vital activity 
when the proportion of acid reaches 2 per cent., but they are also 
unaffected by much greater degrees of concentration. We have 
here a very remarkable example of extreme adaptation to the 
environment, since bacteria are usually highly sensitive to 
the influence of acids. They are, however, very sensitive to 
hydrochloric acid (Cohn^). They are also capable of effecting the 
fermentation ofgliLcose, and some, also, that of arabinose, mannite, 



1 Lafar, C./. Bahter., xüi., 1864, 

« Giunti, Maly's Jh., xx., 439, 1890. 

• Tolomei, Koch's Jahrb. OahrgBorg., 139, 1890. 

^ Henneberg, loc. cit, 

s Gohn, Z. physiol. C%., ziv., 75, 1890. 
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•erythrite, &c. In like maimer they can also oxidise propyl 
<dcohol (Hbnnebebo'). 

Liebig found a striking phenomenon in support of his chemi- 
<cal theory in the fact that the same oxidation of alcohol to acetic 
acid could also be effected by means of platinum black — i,e,, of 
oxygen rendered active without the aid of living cells. A. 
Mayeb and Kniebem,^ however, have shown that the conditions 
of these reactions are so totally different that only their end- 
results can be compared, just as in the case of hydrolytic 
fermentations the same decomposition-products can also be 
obtained by the action of dilute acids, and just as alcohol can, 
of course, be converted into acetic acid by other purely chemical 
means — cgr., chromic acid, Ac. Thus, the oxidation of alcohol by 
platinum black takes place with alcohol of every strength, and in 
like manner with its vapour, whilst the acetic fermentation cannot 
withstand more than 10 per cent, of alcohol. The former also 
increases as the temperature rises, whereas the fermentation 
eventually completely ceases. 

We must, nevertheless, call attention to the fact that, in the 
oase of the acetic fermentation, there is absolutely no observed 
fact from which we can infer that the hypothetical fermenta- 
tion is distinct from the purely vital process, of which, in 
the case of alcoholic fermentation by yeast, certain indica- 
tions could be found, apart from Buchner's convincing experi- 
ments. 

Only the dynamic position which we have taken up justifies 
us in classifying with the fermentative processes this process, 
which, being exothermic, fulfils our conditions. Possibly, how- 
ever, the day is not far distant when the oxydase of the acetic 
bacteria will also be isolated from the living cells. 

In addition to this acetic fermentation, which represents the 
most important oxidising fermentation, there are also some 
allied processes brought about by bacteria, which we will 
also briefly mention as belonging to the oxidising fermenta- 
tions. 

ZoPP * describes a fermentation of sugars — e.g., of d^lucose^ 
galactose, mannite, &c. — into oxalic add, which is caused by a 
true endospore forming species of Saccharomyces, S. Hamsenii, 
which was discovered in cotton-seed meaL It produces no 
alcohol. 

^ Henneberg, loc cit. 

* A. Mayer and Knierem, Landw, Versuchsstat,, xvi«, 305. Quoted by 
A. Mayer, loc, cit, 

* Zopf, Ber. d. d. botan. Cfes., 94, 1889. 
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According to Wehmer,^ citric acid is produced in abundance 
from sugars by two speciüc Uyphorm/cetes — Citromyces Pfeffericmvs 
and C. glaber ; this process, too, can be regarded as an oxidising 
fermentation. 

Bertrand ^ describes an oxidising fermentation, the product 
of which is a ketohexose — Sorbose, 

Sorbose had already been found in the juice of mountain-ash 
berries which, when fresh, contain the hexavalent alcohol sorbite^ 
but it was not found invariably, and the conditions of its pro- 
ductios were unknown. 

Bertrand proved that this formation of sorbose was con- 
nected with the development of a micro-organism, which he 
considered as probably identical with BacL xylinuTn^ and which 
gain admittance into the material through the agency of a small 
red fly, Drosophila fwnebris. The best culture-medium for thia 
bacterium is a mixture of wine and vinegar. It has the power 
of oxidising sorbite to sorbose, and mannite to /mctose (Yincet 
and Delachanel *) ; it also oxidises all polyatomic alcohols, such 
as erythrite, arabite, &c. ; also glycerin (to crystalline dioxyacetone), 
and xylose to xylonic acid (Bertrand ^). A bacterial ferment 
which oxidised glucose to gluconic acid was found by Boutroüx 
in Micrococcus oblongus ; and another which further oxidised the 
gluconic acid, first produced in the form of its calcium salt, into 
oxfygluoonic acid.^ 

There can be no doubt but that there is still many another 
process among the decompositions brought about by the lower 
organisms which could be justifiably described as an oxidising 
fermentation ; I have, however, only selected these few because 
their course is relatively simple and uniform, whilst others are 
too closely bound up with other bio-chemical processes. In any 
case, those cited here fully answer the dynamic requirement, 
and may, therefore, well be grouped with the fermentative 
processes. 

^ Wehmer, Sitzb, d. BerL Acad. Math. Phys, CL, 519, 1893. 

« Bertrand, Comptes BenduM, cxxii., 900, 1896. 

> This has been confirmed by Emmerling, vide Ber, d. d, chenu Oes., 
zxxii., 541, 1899. 

* Vincet and Delachanel, Comptes Rendus, cxxv., 716, 1897. 

» Bertrand, Camptea Btndus, cxxvi, 842, 984 ; cxxvii., 124, 728, 762, 1898. 

^Boutroax, Ann. Inst, Past., iL, 308, 1887. Comptes BendiLs, cxxvii.^ 
1224, 189& 
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